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AMPLIFICADORS LOGARÍTMICS — 1 


LOGARITHMIC AMPLIFIER 


FEATURES 


eACCEPTS INPUT VOLTAGES OR CURRENTS OF 
EITHER POLARITY 


o IDE INPUT OVHAMIC RANGE 
6 Decades el current 
4 Decades el veltage 


o VERSATILE 
Leg, antlleg, and leg ratle capabllity 


e SMALL 8IZE 
Double vride OIP 


o LO COST 


DESCRIPTION 


Pacitaged in a ceramic double vide DIP, the 4127 is 
the first hybrid logarithmic amplifier that accepts 
signals of cither polarity from current or voltage 
sources. A special purpose monolithic chip, 
developed specifically for logarithmic conversions, 


functions accurately for up to six decades of input 
current and four decades of input voltage. In 
addition, a neviy developed current inverter and a 
precise internal reference allovr pin programming 0 
the 4127 as a logarithmic, log ratio, or antilog 
amplifier. 

To further increase its versatility and reduce your 
system cost, the 4127 has an uncommitted 
operational amplifier in its pactage that can be used 
as a buffer, inverter, filter, or gain element. 

The 4127 is available vith initial accuracies (log 
conformity) of 0.59ç and 1.090, and opesates over an 
ambient temperature range of -I0"C to Y70"C. 
VVith its versatility and high performance, the 4127 
has many applications in signal compression, 
transducer linearization, and phototube buffering. 
Manufacturers of medical equipment, analytical 
instruments, and process control imtrumentation 
vrill find the 4127 a love cost solution to many signal 
processing problems. 


latarnetional Airport taGestrial Port - P.O. Box 11400 - Tecsen, Artzena 85734 . 
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SPECIFICATIONS 


ELECTRICAL 
Typlçel specitications et 1252C mith reted supplies uniems pihenvise noted. 


ACCURACVIU, $$ ot FSA 
Current Source Input: inA to imA 

Voltaça Input. tmV to 10V 

NA to timA 
-ÍnA to -tmA 


tIpA lo timA 
tl0mA or £Suppiy Volts 


Current Source Input, Pin 4 
Current Source input, Pin 7 
Reterence Current input, Pin 2 
Absolute Meximum inputs 


Current 
Impedance 


-308 Small Signal at Current Input 
Of lOQuA 
Ot IOuA 
ot ia 
ol 100nA 
ol 1OnA 
Step Response to vrithin £196 ot 
Final Value (la 2 1xA, A m 6) 


Scale Factor Dritt (4A/2C) 
Reterence Current Drift (4la/2C) 


20.001 l3/2C for ip 2 iuA 
30.003 Ip/2C for 400nA € Ia € IA 
10pA at 1252C, Doubles Every 100C 
2 10uV/2C 


Input Ofiset Current Drift (418/2C1 
input Otlset Voltage Drift 
Accuracy ve. 8upply Variation 
Retorence Current 
input Ofset Voltage 
Input Nolee - Current input 
Input Nolee - Voltage input 


10 001a/V 
23004V/V 
1pA, rm8, 1OHz to 104Hz 
104V, rma, 10Hz to 1OhHz 


Input Ofiset Voltage 
Input Bias Current 
input Impedance 
Large Signal Voltage Gain 
Output Current 


pecification 
Operating 
Blorage 


-AQC to 1709C 
-850C to 11250C 


Rated Suppiy Voltages 
Supply Voltage Range 
Suppiy Current Drain 
at Quiescent. max 
"at Full Load, max 


4158VDC 
214VDC 10 £18VDC 


t20mA 
126mA 


NOTE: 
1 Log conformity at 259C. 


The intormation in this publication has been carefully cheched and ls belleved to be rellable. 
hovrevor, no responsibility 18 umed tor possible inaccuracies or omissions. Prices and 
specifications are subject to change vithout notice No patent rights are granted to any of the 
elrcuits described herein 


Dema Time —J pecMAmCaL 


0 Marned on pachege 
L— 

RE 
ha ed Lo 


Sasung Plena 


dial 


NoT€ 
Lesdi in true pest0n mina O10" 
(26mmi A O MMC 0t s0tn8 pi0na. 


CASE: Coramic 
MATING CONNECTOR: 246MC 
VVEIGHT. 58 grams (2 0z.1 
ORDER NUMBER: 4127RG 
4127JG 


PIN CONNECTIONS 4 


- lnér OUTPUT 
més INPUT 
. NO PIN PRESENT 
tlINPUT ' 
CURRENT INVERTER OUTPUT " 
NO PIN PRESENT 
. CURRENT INVERTER INPUT 
NO PIN PRESENT 
OP AMP tINPUT 
. OP AMP -INPUT 
OP AMP OUTPUT 
NO PIN PRESENT 
. MARE NO CONNECTION 
NEGATIVE SUPPLY 
. NO PIN PRESENT 
NO PIN PRESENT 
NO PIN PRESENT 
LOG OUTPUT 
GAIN ADJUST 
NO PIN PRESENT 
. COMMON 
. POSITIVE SUPPLY 
lacr BIAS 
. NO PIN PRESENT 


"Pins 4 and 5 are intemally 
connected 
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TYPICAL PERFORMANCE CURVES 


RELATIONSHIP OF REFERENCE CURRENT ta 
AND EXTERNAL RESISTOR R3 


10044 


Reference Current 


TORNA — 00 MN 10MA 


Resistance 


LOG RELATIONSHIP OF lStano OUTPUT 
R 


VOLTAGE IN TERMS OF "A" 


Output 
Voltege 


hg) 
Eg" -A 4035 
A 


0.001 0.01 0.1 , 
ta lA IR 


RELATIONSHIP OF SCALE FACTOR "A'" 
TO GAIN-SETTING RESISTOR 89 


DISCUSSION OF SPECIFICATIONS 


ACCURACY 


The deviation from the ideal output voltage defined as a per- 
cent of the full scale output voltage. 


INPUT/OUTPUT RANGE 
The log relationships of -A log Es and -A log, are sub- 
R R 


ject to the constraints specified. The 4127 can be operated 
vith inputs lover than those given, but the accuracy vill be 
degraded. 


FREQUENCY RESPONSE 


The small-signal frequency response varies considerably vvith 
signal level and scaling, so the frequency response is specified 
under several different operating conditions. 


5 
t 
3 
u 
2 
Resistonce 
lisi 
RELATIONSHIP OF Li TO OUTPUT VOLTAGE 
FOR lp 2 IuA AND A s SV AND 10V 
' 
STABILITY 


The use of a monolithic transistor quad and lovv-drift op 
amps minimizes drift, but some drift remains in the scale- 
factor, reference current, and input offset. Input offset con- 
sists of a bias current plus the op amp input voltage offset 
divided by the signal source resistance. Also, there is some 
slight drift in conformity to the log function and in output 
amplifier offset, but this is generally negligible. 


CIRCUITS DE FUNCIONS ANALÒGIQUES — 4 


THEORY OF OPERATION 


The 4127 is a complete logarithmic amplifier that can be 
pin-programmed to accept input currents or voltages ol 
either polarity. By mahing use of the internal current 
inverter, reierence current generator, log ratio element, 
and uncommitted op amp, you can generate a variety Of 
logarithmic (unctions, including the log ratio oí tvo 
signals, the logarithm of an input signal, or the antilog ol 
an input signal. The unique FET-input current-inverting 
element removes the polarity limitations present in most 
conventional log amplifiers. 


Utilizing the inherent exponential characteristics 0 
transistor functions, the 4127 calculates accurate log 
functions for input currents from InA to ImA, or input 
voltages from ImV to l0V. Carefully matched 
monolithic quad transistors and temperature sensitive 
gain elements arc used to produce a log amplifier vvith 
excellent temperature characteristics. 


A functional diagram of the 4127 circuit is shovn in 
Figure l. In addition to the basic log amplifier, the 4127 
contains a separate internal current SOUTCC, a current 
inverter, and an uncommitted operational amplifier. The 
current inverter accurately converts negative input 
current to a positive current of equal magnitude. 


The 4127 is capable of accurately logging input current 
over a 120dB range but lo usc this full range, good 
shielding practice must be folloved. A current source 
input is, by definition, a high impedance source and is 
therefore subject to electrostatic piciups. 


The input op amps Ai and A, have FET input stages for 
lovv noise and very-lov input bias current. The op amp A1 
vvill maxe the collector current 0Í Qi equal to the signal 
input current ls, and the collector current of Q. vill be the 
reference input current la. : 


From the semiconductor junction characteristics, the 
base-to-emitter voltage vvill be 


VBE£ mET (4 IC, urhere. I 7 Collector current 
q IL I, 7 Reverse saturation current 
q, m, Es Constants 
T 2 Absolute temperature 


I the transistors Qu and Q2 are at the same temperature 
and have matched characteristics then 


ML 
-mXRT LA 
Est —q L a 


The output op amp M2 provides a voltage gain of 
approximately (Rr Y Ri)/Rr, and the value of (MR T)/q 
is about 26mV at room temperature. Since resistor Rr 
varies Nith temperature to compensate for gain drift, the 
output voltage Es expressed as a 108 vvill be 


I 
Egz-A loBI04e 


vhere A x Em (26 mV) qz: RT P 5209 
- 


The external resistor Ri sets the reference current la and 
resistor Ra sets the scale-factor "A", R, and Ra must be 
trimmed to the desired values, but the approximate 
relationships are shovn in Typical Performance Curves. 


The relationship betxvecn the input current ls and the 
Output voltage Es in terms Of the externally adjusted 
parameters la and "A" is illustrated in Typical 
Performance Curves. This relationship is, oÍ course, 
restricted to values of ls betvcen InA and ImA and 
output voltages of less than £10V. 


FIGURE 1. Functional Diagram. 


CHOOSING THE OPTIMUM 
SCALE FACTOR AND 
REFERENCE CURRENT 


To minimize the elTects of output offset and 
noise, it is usually best to use the full £ 1OV 
output range. Once an output range of 4 10V 
has been chosen, then "A" and IR can be 
determined from the min/max of the input 
current Iç. 


Eg SA log 5, vvhere min CIS El 
IR 
The output range 0f £ 1OV for an input range 
Of Imin tO Lmax Means that 


max 


410 £ -A log MiN and -1Q: -A log max 
IR IR 


Adding these tvvo equations together 


L 
Imaxtmin I 
log Ser El E 0, Or IRS Umaxlemia 


IR 
The value for A can be found from: 


IOz A log ma — 
ax min 
In terms of the input current range for I, the 
valves for IR and A that vvill provide a full 
t IOV output sving are: 


10 
IR 5/Imartmin and A - sr 
IR 


Example: Assume that mig is t lONA and 
max is t lOQuA. 


This is an 80dB range. 
IRE /lmaxtmin  z 
(078) (1078): 10-6, or IVA. 


Max a IO 


100 
TR 106 : 


loglmaXa 2. So Az5 
IR 


For an IR of IuA and A of 5, 


Bg a -Slog NS 
IVA 
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CONNECTION DIAGRAMS 


qai aR i I 5 ii 
Transfer function is Eq £ -A log i vhere l is a positive input current 
R 


and IR is the resistor-programmed internal reference current (see 
Figure 2). 


FIGURE 2. Transfer Function Vhen 1 is Positive. 
ADJUSTMENT PROCEDURE 


I. Refer to Choosing The Optimum Scale Factor and 
Reference Current. " 


Apply y € IR. adjust Ry such that Eq  O. 
Apply I S Imax: adjust Ro for the proper output voltage. 
Repeat steps 2 and 3 if necessary. 


ua uv 


Ignore this step if lmin 2 lOnA. Othervise, apply Iy € InA, 
mate R3 IRMS2 and adjust Ra for the proper output voltage. 
Transfer function is Eq € -A tol ler I is a negative input current 


and IR is the resistor-programmed internal reference current (see 
Figure 3). 


FIGURE 3. Transfer Function Vhen 14 is Negative. 


ADJUSTMENT PROCEDURE 
1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 


Apply ini s IR adjust Ry such that Eg " O. 
Apply LLEI S Imax: adjust R. for the proper output voltage. 
Repeat steps 2 and 3 if necessary. 


ua LL 


Ignore this stepifliminl2 IOnA. Othenvise, apply hui: InA, 
mate R3 7 IRMSQ and adjust Rg for the proper dd. voltage. 


e Single resistor recommended. Voltage divider netvvor h 
difficult to use due to amplifier offset voltage. RF500-108, 
IG8 resistor avallable from Burr-Broven. 
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CONNECTION DIAGRAMS (CONT) 


Transfer function is Eq 7 -A log El, vhere Eq is a positive input voltage and I is the resistor-programmed internal 
reference current (see Figure 4). 4'R 


ADJUSTMENT PROCEDURE 


1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 


Apply Eq " IR (10XS), adjust Ry such that Eg "0. 
Apply Eq € Emax: adjust R, for the proper output voltage. 
Apply Eq $ Emin: adjust R3 for the proper output. 


ua N 


Repeat steps 2 through 4 if necessary. 


FIGURE 4. Transfer Function V/hen Èy is Positive. 


Transfer function is Eg 7 -A log lEs , vhere Eq is a negative input voltage and IR is the resistor-programmed internal 
R4 IR 


reference current (see Figure 5). 


ADJUSTMENT PROCEDURE 


1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 


Apply (Eq € IR (1048), adjust Ry such that Eg " 0. 
Apply lEnj € Emax: adiust R, for the proper output voltage. 
Apply (El s Emin 2djust R3 for the proper output. 


us Lu N 


Repeat steps 2 through 4 if necessary. 


FIGURE 5. Transfer Function V/hen Eq is Negative. 


Transfer function is Eq " -A air Iy and l3 negative: hi 2 inA IuA (see Figure 6). 
2 


ADJUSTMENT PROCEDURE 


1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 


to 


. No further adjustment is necessary if Ly min 2. lOnA, 
othenvise connect the R3 and Ra netvorh, vvith Ra SIORS 
and Rj- 1099). Adjust Ra for proper output voltage 
after adjusting gain errors. Since the voltage at pin 4 is in 

"Naedad oniy IH the range 0Í tSmV,it is not practical to use a T - netvvoriç 

vg NONA to replace R3. 


fRg cs Ag "le 


FIGURE 6. Transfer Function Vhen 1y and I) are Negative. 
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Transfer function is Eq € -A toga I negative, la positives), b InA, I) X IuA (see Figure 7). 
2 


ADJUSTMENT PROCEDURE 


1. Refer to Choosing The Optimum Scale Factor and 
Reference Current, 


2. No further adjustment is necessary ifllylmin 2 1OnA. 

. othenvise connect the R3 and R4 netvort, vvith Rq 5 IORO 
"Noogod enty and R3 " 1099. Adjust Ra for proper output voltage after 
Hill e 1OMA adjusting gain errors. Since the voltage at pin 4 is in the 
range of £ SmV, it is not practical to use a T - netvvori 

to replace R3. 


FIGURE 7. Transfer Function V/hen 1 y is Negative, 
12 is Positive. 


Transfer function is Eq € -A to i vith y and la positive: Eq  InA, la D IuA (see Figure 8). 
2 


ADJUSTMENT PROCEDURE 


1. Refer to Choosing the Optimum Scale Factor and 
Reference Current. 


2. No further adjustment is necessary if Iy min 3 IOnA, 
othervise connect the R3 and Ra netxvori, vith Rg 3 lORS2 
and R3- 1099. Adjust R4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 isin the 
range of £SmV, it is not practical to use a T - netvvori 
to replace R3. 


FIGURE 8. Transfer Function Vhen ly and la are Positive. 


ANTILOG OPERATION vehere deci 
4 

The 4127 can also perform the antilog function. The As Ti 2 (26mV) ça 
output is connected through a resistor R, into the current T I 
input, pin 4. The input signal is connected through a gain Eg 5 Ro IR Antilog - Es 
resistor to pin 19 as shovvn in Figure 9. A 
These connections form an implicit loop for computing the —Setting Ro and IR vill set the scale factor. For example, an 
antilog function. From the bloch diagram of Figure 1, the Ro of IMS2 and IR of IUA vill give a scale factor of unity and 

i i i E 
voltage at the inverting input Of the output amplifier A2 Eg 5 Antilog - Es 
must equal Es, so R A 

T 
Eu s RreRa is ORq T 520N 


Since the output is connected through Rg to pin 4, the 
current Iç vvill equal Eg/Rg and Eg vvill be 


mRT go 
Eq se mA — 
q RolR 
Combining expressions for E, gives the relationship 
De SER A o Insert 0.01,.F bet 
ir nsert 0. gen 
ap Ra 6 q Ro IR Pla 18 and Pla 19 H ha lisi 
vuit escillates. Ottset Agjust 
Es Es 
de — log —— 
A Ro IR FIGURE 9. Antilog Operation. 
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BURR- BROV/N: 


Lovv Cost 
MULTIFUNCTION CONVERTER 


FEATURES 


e LOVV COST 

o SMALL PACXAGE - Dual-in-line 

o RELIABLE HYBRIO CONSTRUCTION 
e VERSATILE 


MULTIPLY 20.254 

OIVIDE 20.254 
SQUARE 20.039 
SQUARE A0OT 20.074 
EXPONENTIATE 40.15 (m 2 5) 
ROOTS 20.24 (m - .2) 
SINE 6 20.5: 

COSINE 8 20.81h 

TAN -'(Y/X) 20.6'h 


re 20.074 


Typical accuracies expressed as a 9h ol output full scale (e IOVDC) at 259C. 


DESCRIPTION 


Burr-Brovvn's multifunction converter model 4302 is 
a lovv cost solution to many analog conversion needs. 
Much more than just another multiplier / divider, the 
4302 Out períorms many analog circuit functions 
vvith a very high degree of accuracy at a very lov total 
cost to the user. 


laternatienal Airport industrial Part - P.O. Ber 11400 - Tucsen, Arizena 85734 - Tal. (002) 746-111 - Turx: 910-062-1111 - Cable B8RCORP . Telez: 68-6491 


CIRCUITS DE FUNCIONS ANALÒGIQUES — 2 


SPECIFICATIONS 


Performance typical at 250C and vith rated suppiy unlees othervisa noted. 


MECHANICAL 


TRANSFER FUNCTION 


RATEO OUTPUT 
Voltage 

Current 

INPUT 
Signal Range 
Absolute Maximum 
Impedance (X/Y/Z) 
EXPONENT RANGE 


Rove Specing: 7.6mm (0.300") 
Roots (0.2Em € 1) s R9 Refer to emetent etc PeN 
Ri t R2 Functional Connector: 14-pin DIP 
i Ot45MC 
Povvers(I€ m 85) RQ: Ro Diagram 


belovv Pin matorlel and platng composition 


contorm to Method 208 (solderability) 
of Mil-Sed-202. 


(ms 1) 
POMNER REQUIREMENTS 
Rated Suppiy 
Range 

Quiescent Current 


Ry 5 0 8, Rg not used 


PN CONNECTIONS 


412 to 418 VDC 
£l0 mA 


TEMPERATURE RANGE 415 VDC X Input 
Operating —259C to H85C Y laput gura, 
Storage —252C to H850C Re Malte No Conn. 
Common X Olfset Adj. 
Malte No Conn. MA 
Z Offset Adj. Z Input 


(BOTTOM VIEMV) 


General specifications for the Model 4302 FUNCTIONAL DIAGRAM 
4302 Multifunction Converter are pre- . 
sented on this page. These specifica- AMSIVDE 
tions characterize the 4302 as a versatile 
three input multifunction converter. 


The folloving pages are applications 
oriented to heip you apply the 4302 
to your particular circuit function need. 
These pages contain dedicated circuit 
configurations in order to produce the 
functions of: multiplication, division, 
exponentiation, square rooting, squar- 


i ie RR 
ing, sine, cosine, arctangent, and vector semen qemes 
algebra. 


ha ha Q o ( 
It is the purpose of this product data es di me SE u Q Q 
sheet to enable you to appiy the 4302 i, 


to your analog conversion needs quiciiy 7 


RQ Ra 200 
and efficienty. $ Gaia 


Many of the follovang circuit configurations using the 43023 re- If the particular supplies vhich are available (or povrering the 
quire a reference voltage for scaling purposes. The referonce 4302 do not have the necessar) stability for the required con 
voltage is shovm to be 415 VDC (415 VDC REF.) since in version accuracy, an additional t 15 VDC preciston suppiy m8y 
most cases the 415 VDC povrer s0urce for the 4302 has suf- be required. 


ficient time and tempersture reiated stability to achieve the 
inecifled tvoical aecuracies. 


MULTIPLIER 


In multiplier applications the 4302 provides high accuracy 
at a lovv cost. The 4302 accepts inputs up to t IO VDC and 
provides a typical accuracy of 10.259 of full scale. 


FIGURE 1 


(1) Set Rj 50 that vith Eq 2 Eq 2 410.00 VDC, Eg 2 410.00 VDC. 


DIVIDER 


As a divider, the 4302 outperforms many of the multiplier/ 
dividers on the marXet at a much lovver cost. In the divider 
configuration the 4302 boasts a typical conversion accuracy 


Of 20.259 Of full scale. 


125 mV 

1s50mV.— 4 
0.03V € En çI0V 
0.1 V GEy G 10 V 
tl mV/0C 


Transfer Function 


ACCURACY 

Total Errors 
Typical at 4259C 
Maximum at t250C 


(for Eq Li E, and input range) 


vs. Temperature 

Offset Errors (E, 3 O, Eq 3 410 V) 
Output Offeet (at 259C) 

vs. Temperature 


"210 mV 
tl mV/2C 


NOISE (10 Hz to 1 xHz) 
Eq 2210 V 
Eq 280.1 V 


BANDVIDTH (Ey, Es) 
Small Signal (-3 dB) 
Full Output 

(Ey 2410 V) 
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MULTIPLIER/DIVIDER FUNCTIONS 


EQ Es 
Transfer Function Eg7: 


10 
ACCURACY 
Total Errors 
Typical at 1259C 
Maximum at 4250C 


825 mV 

150 mV . 
0.03V Eq S 10 V 
0.01 VG E, e10V 
el mVPC 


(for input range) 


vs. Temperature 

Offset Errors (Ey 2 Es 3 0) 
Output Offset (at 25ÓC) slo0mV 
va. Temperature 40.2 mV/0C 


NOBE (lo Hrto CEFED 


BANDVIDTH (Ey, Es) 
Small Signal ( -3 dB 
Full Output 


-1$ VDC 


IO ES) 015 VDC 15 VDC 10 


NOTES: 
(1) Set Ry s0 that vrith Eq 3 Ey 3 110.00 VDC, Eg 3 110.00 VDC. 


(2) Set R3 30 that vith Eq 3 Eq 3 20.10 VDC, Eg 3 110.00 VDC. 

(3) Set Ry 10 that vrith Eq 2 10.01 VDC and víith Ey 3 40.10 VDC, 
Eg 7 11.00 VDC. 

(4) Repent steps I through 3 as necessary to achieve the specifled 
Outpus voltages. 


hs The input voltage may be extended belove 0.03V by connecting a 0.047 uF capacitor betvveen pins 11 and 5, 
causing a slight reduction in bandvvidth. (Multipty and Divide Modes). 


EXPONENTIAL FUNCTIONS 


Model 4302 may be used as exponentiator over a range Of 
exponents Írom 0.2 to 5. The exponents 0.5 and 2, square 
rooting and squaring respectively, are often used functions 
and are treated belovv. Other values of exponents (m) may 
be useful in terms of linearization of nonlinear functions or 
simply for producing the mathematical conversions. Charac- 
teristics of m — 0.2 and m 3 5 are presented on the right. For 
other values of m the curves presented in Figure 3 may be 
used to interpolate the error for a nonspecified value of m. 


cin 


Transfer Function 


Total Conversion Error (typical) 
m 30.2 
0.5 VDC C Eq G 10 VDC 
0.1 VDC € Eq S 0.5 VDC 
ms 
1.0 VDC € Ey S 10 VDC 
Exponent Range (continuous) 
Input Voltage Range 
Qutput Voltage Range 


t2m VDC 
t25 m VDC 


t15m VDC 
0.28 ma $ 
O to :10 VDC 
Q to t10 VDC 
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FIGURE 4 


Use these connections 
a— vrhen taling roots of 
small input levels. 


Exponentistor Transfer Characteristics 


NOTES: 

(1) Connect a 100 A potentiometer as ihovn in Figure 4 for cither (4) Repent steps (2) through (4) as nocessary. 
roots (0.2 € m € 1) or povrers (1 E m € 5). 

(2) Set Ry so that vith Eq 3 t10.00 VDC, Eg " 110.00 VDC. e VMen taxing roots of smaller input levels, a modified transfer 

(3) Select a t DC voltage level (Ej) such that the output voltage equation lEg " (10E 3) PJ vall provide improved conversion 
(Eg), ss acted upon by the desired exponent, vell not exceed securacy. To achieve this trensfer function: 1) appiy a t1.5 VDC 
410.00 VDC. A level vhich is mid-range for input values of REF in place of the 115 VDC REF shovm in Figure 4., 2) mate 
interest is an appropriate one to use. Set R3 50 that the out- Ry 8 1.40 MA resistor, and rearrango Ry and Rj as 1.5VDC REF 
put voltage (Eg) is the value expected for the chosen values of end 3) fotlove all notes except in note à appiy t0.10VDC to pin 
input (E j) and exponent (m). 1to set R, to Es" 41.00VDC. 


SQUARE RO0T 


As a Square Rooter (m 2 0.5), the 4302 provides a typical 
total conversion accuracy of £0.0790. Refer to Figure 5 and 
potes for connections and adjustments respectively. 


0.5 VDC € Eq S 10 VDC 


0.02 VDC C Eq S 0.5 VDC 255 mV 
inpet Vottoge Range Oto 710 VDC 
Output Voitags Range O to 710 VDC 
NOTES: 
(1) Connect pins 12, 11, and 6 together. Set Ry such that vith 
Eu 7 110.00 VDC: Eg 3 410.00 VDC. LE 1016—/ 10.16 


(2) Connect 100 A resistors es ihovm in Figure 5. 
(3) For greater convercion sccuracy, Rg L3 R3 may be replaced by 
a poteatiometer es choven in Figure 4. 


SQUARE 


Configured as a Square Function Converter (m 3 2), the 
4302 produces high conversion accuracies of typically 0.037. 
Please refer to Figure 6 and accompanying notes. 


Total Coaversioa Error (typical) 


0.1 VDC € Eq € 10 VDC 13 mV 
tapet Voltego Rença Oto Y10 VDC 
Outpet Voltage Rengo Oto 710 VDC 
NOTES: 
100 N 0n — 
(1) Set Ry such that veith Eq 3 410.00 VDC, Eg 8 410.00 VDC. 20.196 — 80.18 — 7 


(2) Connect 100 Q resistors es shova ia Figure 6. 
(3) For greater conversioa accurecy R, $ R3 may be replaced by 
a potentiometar es ehovm in Figure 4. 


ICL8013 
Four Quadrant 
Analog Multiplier 


GENERAL DESCRIPTION 


The ICL8013 is a four quadrant analog multiplier vhose 
output is proportional to the algebraic product of tvvo input 
signals. Feedbach around an internal op-amp provides level 
shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers may 
be used to trim gain accuracy, offset voltage and feed- 
through performance. The high accuracy, viide bandvidth, 
and increased versatility of the ICL8013 mahe it ideal for all 
multiplier applications in control and instrumentation 9y8- 
ters. Applications include RMS measuring equipment, fre- 
quency doublers, balanced modúlators and demodulators, 
function generators, and voltage controlled amplifiers. 


ORDERING INFORMATION 


ICL8013 


ICL8SO13AM TZ 
ICLB013BM TZ 
ICL80183CM TZ 
ICL8018AC TZ 
(CL80138C TZ 
ICL8B013CC TZ 


VOLTAGE TO CURRENT 
CONVERTER AND 
SIGNAL COMPRESSION 


AMPLIFTER 


Multiplication Temperature 
Error Range 


VOLTAGE TO CUARENT 
CONVERTEA 


Figure 1: Functional Diagram (Multiplexer) 
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SINTERSIL 


FEATURES 

0 Accuracy of 10.596 ("A" Version) 
o Full £ 10V input Voltage Range 

0 1MHz Banduvidth 

o Uses Standard £ 15V Supplles 


0 Bulit-in Op Amp Provides Level Shifting, Divislon and 
Square Root Funetions 


—56'Ç to 4 125'C 
—55"Ç to 4 1250C 
—55'C to 1 125C : 
CC to Y 70'C 
Q'C to 4 70'C 
0'C to $ 70'C 


TOP VIEV 
(outlina dveg TO-1001 


0325-2 
Figure 2: Pin 
Contiguration 


INTERSI.'9 SOLE AND EXCLUSIVE VVARRANTY OBLIGATION VVITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE VJARRANTY ARTICLE OF THE Mgatisa ie 
THE VVARRANTY SHALL BE EXCLUSIVE ANO SHALL BE IN LIEU OF ALl. OTHER VIARRANTIES, EXPRES9S, IMPUED OR STATUTORY, INCLUDING THE IMPLIEI 


MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: Al peca vedues have ben charecterired Dt are Not testedi 
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ABSOLUTE MAXIMUM RATINGS 


SUPDIV VIA ge: aa cista ses Doria apnsc demes man es 418V Operating Temperature Range: 

Pomer Dissipation (Note 1) ....... duueuc aa iae a SOOMM o CLB013XC ....... Es EUROS RC ea les VC to 1 70'C 

Input Voltages i LO VACLBOTSXM e oo uuusomvoivononiaaass —SS'C to 4 125'C 
CON, YiNs ZiN, XOS, VOS) ZOS) Lou vu uv vvee ee VsupeLY Storage Temporature Range .......... m85'C to 4 150'C 


Lead Temperatura (Soldoring, 10880). .....c.2..24. 300'C 
NOTE 1: Derate at 6.8mVV/C for operation at ambient temperature ebove 75€. Lo. . 
NOTE: Stresses above Moso listed under "Absolute Madmum Fatings " may causa permanent demaga t9 he dovice. These are stress ratings onty end Rnctonal 
operation of ihe Oevice at ese or any other concitions above (nose indicated in ie operatjonal sections ot tha specilications is not implod. Exposure lo absoluts 
mardmum rating conditions for extended periode may affect devica retieditiy. 
ELECTRICAL CHARACTERISTICS —(Uniess othemise specified Ta m 25"C, VsuppLy € L 15V, Gain and Ofiset 
Potentiometers Externally Trimmed) 


Sem Esc IA 


Multiplier Function I 


Multiplication Error mIQEXC10 
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Divider Function 


Feedthrough X 350, Y se 20V 
YsQ, X 20V 

Non-tinearity i X Input Xss 20V, 
Ys t 10Vde 

Y Input Y s 20V, 
rat ODcRgme 


Frequency Response 
Small Signal Bandvvidth ( —3d8) 


Full Povver Bandvvidth 


196 Amplitude Error 
196 Vector Error... 
(0.5" Chase Shift) 
Settling Time Vips £ 10V 
(to £ 29e of Final Value) 
Overload Recovery 
(to £ 296 of Final Value) 
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ELECTRICAL CHARACTERISTICS (Unless otervise specified TA 25"C, Veyepiy e £ 15V, Gain and Ofiset 
Potentiometers Externally Trimmed) (Continued) 


icLeotsg  J —icLeotsc—J 
mill Min Í Typ (Max (Min Í Typ (Max) 


The Foltoving Specifications Appiy Over the Operating Temperature Ranges 


III IME 
Error -— 10V EViy E10V 

CI 
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Test Conditions 
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DETAILED DESCRIPTION 

The fundamental element of the ICL8013 multiplier is the 
bipolar ditferential amplifier ot Figure 3. 

The small signal differential voltage gain of this circuit is 
given by 


Ar VOUT  RL 


VIN fe 


1 ET 
Substituting re € — RR — 
dE a dE 


dic Re, 

RT 

The output voltage is qu proportional to the product of 
the input voltage Viy and the emitter current lg. In the sim- 
ple transconductance multiplier of Figure 4, a current 
source comprising Qa, D4, and Ry is used. If Vy is large 
compared vith the drop across D4, then 


Re, 
Vour S ViN "Vi her ram 


tg VV Ve and 
Ay 


ua AR e 
Vour CTA, Vx 2 Vy) 


There are several difficulties vvith this simple modulator: 
1: —Vy must be positive and greater than Vp. 
2: —Some portion of the signal at Vx vill appear at the 
output unless lg 2 0. 
3: — Vx must be a small signal tor the difterential pair to 
be linear. 
4: — The output voltage is not centered around ground. 
The first problem relates to the method of converting the 
Vy voltage to a current to vary the gain ot the Vx ditferential 
pair. A better method, Figure 5, uses another differential 
pair but vvith considerable emitter degeneration. In this cir- 


Vour e FE Or e Von) 


03254 
Figure 4: Transconductance Multipller 


— 4184 
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cuit the differential input voltage appears across the com. 
mon emitter resistor, producing a current vmich adds or 
subtracts from the quiescent current in either collector. This 
type of voltage to current converter handies signals from 0 
volts to £ 10 volts vith excellent linearity. 


Figure 5: Voltage to Current Converter 


The second problem is called feedihrough, i.e. the prod- 
uct of Zero and some finite input signal does not produce 
zero output voltage. The circuit viose operation is illustrat- 
ed by Figures GA, B, and C overcomes this problem and 
forms the heart ot many muttiplier circuits in use today. 

This circuit is basically tvvo matched differential pairs vath 
cross coupled collectors. Consider the case shovm in 6A ot 
exactiy equal current sources biasing tho tvo pairs. VVith a 
small positive signal at Viy, the collector current ot Qq and 
Qu viill increase but the collector currents Of Qu and Qg vill 
decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors re- 
mains unchanged and independent of the ViN input voltage. 


Figure 6A: Input Signal mvith Balanced 
Current Sources AVour 7 0V 


in Figure 68, notice that vith Viy 20 any variation in the 
ratio Of biasing cument sources vill produce a common 
mode voltage across the load resistors. The diflerential out- 
put voltage vill remain Zero. In Figure 6C vie apply a difior- 
ential input voltage vith unbalanced current soUress. If lEs 
is Mvice lEg, the gain ot diflerential pair Qi and Q2 is tvice 
tho gain of pair Q3 and Qu. Therefore, the change in cross 
coupled collector curents viill ba unequal and a difterential 
output voltage vili result. By replacing the separate biasing 
current sources viith the voltage to current converter of Fig- 
ure 5 ve have a balanced multiplier circuit capable of four 
quadrant operation (Figure 7). 


0325-7 
Figure 6B: No Input Signal vith Unbalanced 
Current Sources AVouy — 0V 


0325-8 
Figure 6C: Input Signal vith Unbalanced 
Current Sources, Differential Output Voltage 


This circuit of Figure 7 still has the problem that the input 
voltage Viy must be small to Reep the diflerential amplifier 
in the linear region. To be able to handie large signals, vve 
need an amplitude compression circuit. 


i 0325-9 
Figure 7: Typical Four Quadrant 
Muitiplier-Modutator 


Figure 8A: Current Galn Cell 
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Figure 88: Voltage Gain vvith 
Signal Compression 


Figure 5 shoved a current source formed by relying on 
the matching characteristics ot a diode and the emitter base 
junetion of a transistor. Extension of this idea to a difleren- 
tial circuit is shoven in Figure 8A. In a differential pair, the 
input voltage splits the biasing current in a logarithmic ratio. 
(The usual assumption of linearity is useful only for small 
signals.) Since the input to the differential pair in Figure 8A 
is the difleronce in voltage across the tvvo diodes, vhich in 
tum is proportional to the log ot the ratio of drive currents, it 
tolloves that the ratio ot diode currents and the ratio of col- 
lector currents are lineariy related and independent of am- 
plitude. If vve combine this circuit vvith the voltage to current 
converter of Figure 5, vve have Figure 8B. The output of the 
differential amplifier is novv proportional to the input voltage 
over a large dynamic range, thereby improving linearity 
vhile minimizing drift and noise factors. 

The complete schematic is shovn in Figure 9. The differ- 
ential pair Q3 and Qq form a voltage to current converter 
vhose output is compressed in collector diodes Qq and Q2. 
These diodes drive the balanced cross-coupled ditferential 
amplifier Q7/Qg Q14/Q45. The gain of these amplifiers is 
modutated by the voltage to current converter Qg and Q4o. 
Transistors Qs, Qg, Q44, and Q4qa are constant current 
sources vhich bias the voltage to current converter. The 
output amplifier comprises transistors Qqg through Q27. 
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MULTIPLICATION 


In the standard multiplier connection, the Z terminal is 
connected to the op amp output. All of the modulator output 
current thus flovs through the feedbach resistor R27 and 
produces a proportional output voltage. 


0325-13 
Figure 10A: Multiplier Blocic Diagram 


Multipller Trimming Procedure 

1. — Set Xip YiN€ OV and adjust Zos for zero Qutput. 

2. —Applya £ 10V lov trequency (S 100Hz) sveep (sine 
or triangle) to Yiy vith Xiy — OV, and adjust Xos for 
minimum output. 

3. —Apply the smeep signal ot Step 2 to Xip Vith 
Viu OV and adjust Yos for minimum Qutput. 

4. —Readjust Zos as in Step 1, if necessary. 

5. — VVith Xiy:s 10.0V DC and the svveep signal ot Step 2 
applied to Yin, adjust the Gain potentiometer for 
Output — Yip. This is easily accomplished veith a dif- 
terential scope plug-in (At B) by inverting one sig- 
nal and adjusting Gain control for 
(Output — Yip) — Zero. 


0325-14 
Figure 108: Actual Clrcult Connectlon 


DIVISION 

lt the Z terminal is used as an input, and the output of the 
op-amp connected to the Y input, the device functions as a 
divider. Since the input to the op-amp is at virtual ground, 
and requires negligible bias current, the overall feedbacie 
forces the modulator output current to equal the current 
produced by Z. 


Z 
Therefore lo € XINSYIN sia 10ZiN 


102ZiN 
XiN 


Since Yiy — Eour. EouT " 


Note that mhen connected as a divider, the X input must 
be a negative voltage to maintain overall negative feedbacte. 


0325: 
Figure 11B: Actual Circult Connection 


Divider Trimming Procedure 
1. — Set timming potentiomneters at mid-scale by adjust- 
ing voltage on pins 7, 9 and 10 (Xos, Yos. Zos) for 
2010 volts. 
2. —VVith Zip S OV, trim Zos to hold the Output constant, 
as Xiy is varied from — 10V through —1V. 


3. —VVith Ziy ss OV and Xip — 10.0V adjust Yos for zero 
Qutput voltage. 


4. — VVith Zy S Xip (and/or Ziys —Xip) adjust Xos for 
minimum vvorst-case variation of Output, as Xip is 
varied from — 10V to —1V. 

5. —Repeat Steps 2 and 3 if Step 4 required a large 
initial adjustment, 

6. — VVith Ziy SS Xiy (and/or Ziys — Xip) adjust the gain 
control until the output is the closest average 
around - 10.0V (—10V for Ziys —XIN) 88 XIN is 
varied from —10V to —3V. 
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SQUARING Cs 

The squaring function is achieved by simpiy multipiying 
vith the tvro inputs tied together. The squering circuit may 
also be used as the basis for a frequency doubler since 
cos2ots Y3 (cos 2ot-- 1). I t 


Figure 12B: Actual Circuit Connection 


SQUARE ROQT 
Tying the X and Y inputs together and using overall tged- 
bach from the Op Amp results in the square root function. 
The output of the modulator is agein forced to equal the 
current produced by the Z input. era 
lo XINY IN 8 (—EouT)es 10Ziy 
Eoyrs — VÍiOZN 
The output is a negative voltage vvhich maintains.overall 
negative feedbach. A diode in series vvith the Op Amp out- 
put prevents the latchup that vvould othenvise occur for 
negative input voltages. 


Figure 13A: Square Root Blocic Diagram 
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0325-20 
Figure 138: Actual Clrcult Connection 


Square Root Trimming Procedure 

1. —Connect the ICLB013 in the Divider configuration. 

2. —Adjust Zos, Yos. Xos, and Gain using Steps 1 
through 6 ot Divider Trimming Procedure. 

3. —Convert to the Square Root configuration by con- 
necting Xiy to the Output and inserting a diode be- 
tvveen Pin 4 and the Output node. 

4. — VVith Ziy OV adjust Zos for zero Output voltage. 


VARIABLE GAIN AMPLIFIER 


Most applications for the ICL.8013 are straight forvard 
variations of the simple arithmetic. functions described 
above. Although the circuit description frequentiy disguises 
the fact, it has already been shovmn that the frequency dou- 
bler is nothing more than a squaring circuit. Similariy the 
variable gain amplifier is nothing more than a multiplier, vith 
the input signal applied at the X input and the control volt- 
age applied at the Y input. 


GAIN 
CONTROL 
VOLTAGE 


0325-21 
Figure 14: Variable Gain Amplitler 


TYPICAL APPLICATIONS 


ue, - qi is 


du 
0325-24 
Figure 17: Potentiometers for Trimming Otfset 
and Feedthrough 


Xos Yos Zos 


Figure 18: Square Root 
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TYPICAL PERFORMANCE CHARACTERISTICS 


AMPLITUDE AND PHASE AS A NONLINEARITY AS A FEEDTHROUGH AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 
sl 10 

0 0 ag .Q-0 

€, LS mé 5n 

BN E 

Es LLULL us de 

34 LLULL pa 4 

a LLULL qe EU ALLLL 


15 108 — 100 10 — 1080 
PREGUENCV (Ma) 
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DEFINITION OF TERMS 

Muttiplication/ Division Error: This is the basic accuracy 
specification. It includes terms due to linearity, gain, and 
ofíset errors, and is expressed as a percentage of the full 
scale output. 

Feedthrough: VVith either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal ap- 
plied to the other input. The output seen in a non-ideal mut- 
tiplier is tnoven as the feedthrough. 


Nontinearity: The rmaximum deviation from the best straight 
line constructed through the output data, expressed as a 
percentage of full scale. One input is held constant and the 
other svept through its nominal range. The nonlinearity is 
the component of the total multiplication/division error 
vrhich cannot be trimmed out. 


INTERSIL'S SOLE AND EXCLUSIVE VYARRANTY OBLIGATION VVITH RESPECT TO THI9 PRODUCT SMALL BE THAT STATED IN THE MARRANTY ARTICLE OF THE CONDITION OF SALE 
THE IVARRANTY SMALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER NARRANTIES, EXPRESS, IMPUED OR STATUTORY, INCLUDINQ THE IMPLED VVARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: AH tppical valves heva bsen cherectarised bé are not tested 


ua Ta 


———————————€ ee 


RMS-to-DC converters continuousiy compute the instantancous 
square of the input signal, average it, and talce the square root 
cí the result, to provide a de voltage proportional to the rms of 
the input (and, in the case of the AD536 and AD636, an auxiliary 
de voltage that is proportional to the log of the erms, for dB measure- 
ments). 


Excellent pretrimmed performance, improvable by simple optional 
trims, malces these devices ideal for all types of laboratory and 
OEM rms instrumentation vrhere amplitude messurements must 
be made vvith high accuracy, independentiy of vvaveshape. 


An alternative to rms that has been Vvidely used in the past, 
principally for measurements on sine vvaves, is mean absolute- 
deviation, or ''ac average.'" It is performed by taling the absolute 
value of a signal (i.e., rectifying it) filtering it and scaling it by 
the ratio 0f rms to m.a.d. for sine veaves, 1.111, so that it reads 
correctiy (for undistorted sine vvaves). Unfortunately, this ratio 
varies vvidely as a function of the vvaveform: it vvill give grossiy . 
incorrect results in many cases. The table shovrs a fey represen. 
Lative examples comparing rms vvith m.a.d. 


An important application is noise measurement — for example, 
thermal noise, transistor noise, and svitch-contact noise, True 
ms measurement is a technique that provides consistent theoreti- 
cally valid measurements of noise amplitude (standard deviation) 
from different sources having different properties. i 


Tre rms devices are also useful for measuring clectrical signals 
derived from mechanical phenomena, such as strain, stress, 
vibration, shoch, expansion, bearing noise and acoustical noise. 


VAVE FORM 


SINE MAVE 


SYMMETRICAL 
SQUARE NAVE 
OR DC 


CONVERTIDORS RMS / DC — 1 


 Orientation 
RMS-to-DC Converters 


The electrical signals produced by these mechaniçal actions are 
often noisy, nonperiodic, nonsinusoidal, and superimposed on 
de levels, and require true rms for consistent, valid, accurate 
measurements. RMS converters are also usefut for accurate 
measurements on lov-repetition-rate pulse-trains having high 
erest factors (ratio 0f pealc to rems), and for measurements of the 
energy content of SCR vvaveforms at differing firing angles. 


The basic approach used in these converters for computing the 
rems is to talte the absolute value, square it and divide by the 
fed-baci output (using the logarithmic characteristics of transistor 
junctions), and filter the result. The resulting approximation 


va 
VRms "don lle VAug. (Vi) 


is valid if the averaging time constant is sufficientiy long compared 
viith the periods Of the lovvest frequency ac components of the 
signal. 4 


The simplest form of averaging involves a single-pole filter 

using an external filtering capacitor (Cay). Increased vaiues of 
capacitance for filtering vill improve the accuracy for lovy fre- 
quency rms measurements and provide reduced ripple at the 
output, but at the cost of increased settling time. For fastest 
settling and minimum ripple, an additional stage 0f 2-pole filtering 
is useful. The additional filtering permits improvement 0f settling 
time or reduction of ripple (or both) because of substantial 
reduction of Cay . 


TRIANGULAR AVE 
OR SAMNTOOTM 


GAUSSIAN NOISE 


CREST FACTOR iS 
THEORE TICALLY 
UNLIMITED. q IS 
THE FRACTION OF 
TIME DURING IVHICH 
GREATEA PEANS CAN 
BE EXPECTED TO 


qi "DUTY CVCLE" 
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PERFORMANCE SPECIFICATIONS 

Considerable information regarding rms-to-de converter circuit 
design, performance, selection and applications is to be found in 
the RMS-t0-DC Conversion Application Guide.' In addition, 
useful applications information can be found in the Nonlinear 
Circuits Handbooh.t 


The most-salient feature of a true rms-to-de converter is that it 
ideally has no error due to an indirect approximation to the rms, 
Static errors are due only to scale-factor, linearity and ofíset 
errors, dynamic errors are due to insuficient averaging time at 
the love end and finite banduvidth and slemving rate at the upper 
end. Linearity errors affect crest factor in midband. Dynamic 
errors are also a function of signal amplitude, due in part to the 
variation of bandvvidth of the "log" transistors mith signal level. 


Total Error, Intemal Trim, a specification for quici teference, is 
the maximum deviation of the de component of the output 
voltage from the theoretical output value over a specified range 
Of signal amplitude and frequency. It is shovrn as the sum of a 
fixed error and a component proportional to the theoretical 
output (P9 of reading). It is specified for a sinusoidal input in a 
given frequency and amplitude range. The fixed error component 
includes all ofíset errors and irreducible nonlinearities, the V0-0Í- 
reading component includes the linear scale-factor error. 


Total Error, External Adjustment is the amount by vrhich the 
output may differ from the theoretical value vvhen the output 
offset and scale factor have been trimmed. Note that the fixed 
error-component cannot be reduced to zero, even though 

the output ofíset can be nulled at zero input. This is because 
0Í residual input ofísets and inherent nonlincarities in the 
converter. 


Total Error us. Temperature (T in 10 Tmaa) iS the average change 
of b-of-full-scale error component plus the average change of 
percent-of-reading error component per degree Celsius, over the 
rated temperature range. 


TRMS-to-DC Conversion Application Guide Znd Edition, by C. Ritchia 
and L. Counts (1986-61 pages). Available free from Analog Devices. 
1Nonlinear Circuits Handbooh, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D.H. Sheingold. (85.95). 


Frequency for l'h-of-Reading Error is the minimum value of 
frequeney (at the high end) at vhich the error increases from 
the midband value by 196 of reading. lt is a function of pealt-to-pesh 
input amplitude. 

Frequency for —3dB Reading Error is the minimum value of 
frequency (at the high end) at vehich the error may equal — 3036 
of reading. Ít is a function of amplitude. 


Crest Factor (to a property 0f the signal) is the ratio of pealx 
signal voltage to the ideal value of rms, the specified value of 
crest factor is that for vvhich the error is maintained veithin 
specified limits at a given rms level for a vrorst-case — rectangulag 
pulse -- input signal. 

Averaging Time Constant and External Capacitor: The time constant 
Of the internal averaging filter, and the increase of time constant 
per uF of added external capacitance (CAy). 

Input: T he voltage range over v/hich specified operation is obtained, 
the maximum voltage for vrhich the unit operates, the maximum 
safe input voltage, and the effective input resistance. 


Output: The maximum output range for rated performance, he 
minimum current guaranteed aveilable at full-scale output voltage, 
and the source resistance 0f the output circuit. 

Ponver Supply: Povrer-supply range for specified performance, 
povver-suppiy range for operation and quiescent current drain. 
Temperature Range: The range oí temperature variation for oper- 
ation vvithin specifications. Temperature coefficients are deter- 
mined by three-point measurements (Tu — 251C), (25C — Ti), 
vvhen measured. 


ANALOG 
DEVICES 


FEATURES 
True RMS-to-DC Conversion 
Laser-Trimmed to High Accuracy 
0.206 max Error (ADS36AMÇ) 
0.596 max Error (AD536AJ) 
VVide Response Capability: 
Computes RMS of AC and DC Signals 
4501H2 Banduvideh: V, me 2: 100mV 
2MH2 Banduvidth: V, me 2 1V 
Signal Crest Factor of 7 for 16 Error 
dB Output vvith 60dB Range 
Lovv Povver: 1.2mA Quiescent Current 
Single or Duat Supply Operation 
Monolithic Integrated Circuit 
-65"C to 4125"C Operation (AD53GAS) 


PRODUCT DESCRIPTION 

The AD5364 is a complete monolithic integrated circuit vvhich 
performs true rms-to-de conversion. It offers performance vhich 
is comparable or superior to that of hybrid or modular units 
costing much more. The AD536A directiy computes the true 
ems value 0f any complex input vraveform containing ac and de 
components. It has a crest factor compensation scheme vrhich 
allovrs measurements vvith 196 error at crest factors up to 7. The 
vride bandvvidth of the device extends the measurement capabil- 
ity to 300l0Hz vvith 3dB error for signal levels above 100mV. 


An important feature of the AD536A not previousiy available in 
ems converters is an auxiliary dB output. The logarithm of the 
Ens output signal is brought out to a separate pin to allovv the 
dB conversion, vvith a useful dynamic range of 60 dB. Using an 
externally supplied reference current, the OdB level can be con- 
venientiy set by the user to correspond to any input level from 
0.1 to 2 volts rms. 


The AD5364A is laser trimmed at the vvafer level for input and 

output ofíset, positive and negative vvaveform symmetry (de re- 
versal error), and full-scale accuracy at 7V rms. As a result, no 
external trims are required to achieve the rated accuracy of the 
unit. 


There is full protection for borh inputs and outputs. The input 
circuitry can tahe overload voltages vell beyond the supply lev- 
els. Loss 0f suppiy voltage vith inputs connected vvill not cause 
unit failure, The output is short-circuit protected. 


The AD536A is available in tvvo accuracy grades (J, R) for com- 
mercial temperature range (0 to 4 70C) applications, and one 
grade (S) rated for the —S5PC to 4 1252C extended range. The 
ADS36AR offers a maximum total error of 4:2mV 20.296 of 
reading, and the AD536AJ and AD536AS have maximum errors 
of £SmV 40.596 of reading. All three versions are available in 
cither a hermetically sealed 14-pin DIP or 10-pin TO-100 metal 
can. The ADS36AS is also available in a 20-pin hermeticaliy 
sealed ceramic leadless chip carrier. 
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Inteprated Circuit 
True RMS-to-DC Converter 


AD536A 


ADS536A PIN CONFIGURATIONS AND 
FUNCTIONAL BLOCR DIAGRAMS 


PRODUCT HIGHLIGHTS 

1. The AD536A computes the true root-mean-square level of a 
complex ac (or ac plus dc) input signal and gives an equiva- 
lent de output level. The true rms value of a vvaveform is a 
more useful quantity than the average rectified value since it 
relates directiy to the povver Of the signal. The rms value of a 
statistical signal also relates to its standard deviation. 


2. The crest factor of a vvaveform is the ratio of the peal signal 
sving to the rms value. The crest factor compensation 
scheme of the AD536A allovrs measurement of highly com- 
plex signals vvith vvide dynamic range. 


3. The only external component required to perform measure- 
ments to the fully specified accuracy is the capacitor vrhich 
sets the averaging period. The value of this capacitor deter- 
mines the love frequency ac accuracy, ripple level and settling 
time. 


4. The AD536A vvill operate equally vell from split supplies or 
a single suppiy vvith total supply levels from 5 to 36 volts. 
The one milliampere quiescent suppiy current maltes the de- 
vice veell-suited for a vride variety of remote controllers and 
battery povvered instruments, 


5. The AD536A directy replaces the AD536 and provides im- 
proved bandvidth and temperature drift specifications. 


qm) de 
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SPECIFICATIONS co 9290, mt 2191 6 mes aterra mama) 


ADSMAJ ADSMAS a P 
Mia Ty Mas Vi Mia In Mes, Units 
TRANSFERFUNCTION MEC CS NC 


CONVERSION ACCURACY 
Totel Error, Inceral Trimi (Figure t) 
v0. Temperaterc, Tanta 4 J0'C 
4 70'Cta 4 125'C 
vs. Suppiy Voltage 
de Reversel Error 
Total Error, External T rim' (Figure 2) 
ERROR VS. CREST FACTOR: 
Creu Factor 1402 
Creu Factor e 3 
Cres Fector a 7 


FREQUENCY RESPONSET 
Banderidih for 194 edditicaal error (0.0948) 
Va a lOmV 5 
Vine 100mV 45 
Vius IV 0 
3 MB Bandvidh 
Ve a LO V 90 
Vi e LOOmV 490 
Vaz IV. 23 
AVERAGING TIMECONSTANT (Figure 5) 


INPUT CHARACTERISTICS 
Signal Renge, € 15V Supplies 
Continyores rea Level 
Peah Trancient Input 
Continuova erms Level, £ 5V Suppties 
Pesh Tramient Ingut, 2 5V Supplies 
Maxireuea Continvous Nondentructive 
Input Level (AH Soppiy Votlege)) 
Input Resimence 
Input Offect Voltage 
OUTPUT CHARACTERISTICS 
Oficet Voltage, Viy e COM (Figure 1) 
va. Temperatuce 


25205 
20.1 20.01 


v3. Suppiy Voltage 
Voliege Sving, 2 15V Supplies dent 
2 5V Suppiy Qio 12 


dBOUTPUT (Figure 13) 
Error, Viu TraV to 7V rra, dB a IV rma 
Sente Factor 
Seate Fectoe TC (Uncompensated, see Fig- 


ure l for Temperature Compensatica) -0.033 
40.33 
Inre for 008 e 1V ma Li Ll Li 
4 1 100. 
tour TERMINAL 
lour Scale Factor 40 
Tour Senle Factor Tolersnce 210 :n0 
Quiput Resimtance Es) 5 R 
Voltege Compliarce -Vato(e Va 
223V 


BUFFER AMPLIFIER 
Ingut end Out pet Voltage Range - Vatoç 8 Vg ' 
-25V) 


- Vatoç t Vg 
-15V) 
Input Offtet Voltage, Re 2 25h 
Input Bias Current 

laput Resistance 

Output Current 


Short Clreult Current 
Output Resistance 
Small Signal Bandvridth 
Slem Rate" 
POVVER SUPPLY 
Voltage Rated Performance 
Duel Suppiy 
Single Supoty 
Quicrcent Current 
Total Vs, $V 10 36V, Tn O Ta 


TEMPERATURE RANGE 
Rmed Performance 
Sto 
NUMBER OF TRANSISTORS 


PACRAGE OPTIONS" 
Cersmic DIP(D-14) 
Metal Can TO-100(H-10A) 
LCC(E-20A) 


ADS3GAJD 
ADSAJH 


ADSMARD 
ADSMARI 


ADS3ASD 
ADS3GASH 
ADSMASE 


NOTES 

lAccursey is ipecified for O to 7V rms, de or lin Hi sinevrave input vrith the AD536A connected es in the figure referenced. 
Error va. crent factor is rpecified 13 an additional error for 1V ra rectangular pulst input, pulee sridib e 10042 

Vnput voltages are expressed in volts rma, and error is perceni of reading 

"Pith 24 external pulidovm reustor. 

"See Section 20 fot pacltage outline information. 


Specifications ubject to change mrithout notice. 


Specificacions ihomra ia bollfoce are tested oa all productioa unica t final elecuri- 
al test. Resulta (roma dboee tests are uoed to calculate catgoing quality levels. All 
mia and max mpecifications are puaranteod, olihougà cely thove abona im 
boldfere are teoted ca el production umalts. 
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EEES optin te ADSSGA 


ABSOLUTE MAXIMUM RATINGS" 

Suppiy Voltage 5 
DUR UPPIy acció duia a Udaaceció s18V 
Single Suppiy . . 


s'a e/l t36V 
laternal Povver Dissipationt . SOOmNY 
Maximum Input Voltage . ................. 25V Pealç 
Bufler Maximum Input Voltage ....,.........,.. Vs 
Maximum Input Voltage . ................. 25V Pealç 
Storage Temperature Range ........... —55"C to 41500C 
Operating Temperature Range 

ADA vs ia ps mtnm od emergent sÓ 0 to 1 700C 

ADSSGAS aire ia ies pila PA Ge ama —55"C to 11250C 
Lead Temperature Range 

(Soldering 60 sec)... LL... 4. Lu, Lu LL. 300.C 
NOTES 


VStresses above those listed under "Absolute Maximum Ratings'" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational 
tection of this specification is not implied. Exposure to absolute 
marimum rating conditions for extended periods may affect 
device reliability. 
U0-Pin Header: 044 8. 1SONCNV 

20-Pin LCC: 0ja 5 9SCNV 

M-Pin Size Brazed Ceramic DIP: 6,4 s 952C/AV 


CHIP DIMENSIONS AND PAD LAYOUT 


Dimensions shovn in inches and (mm). 


ADS36AJH ADS36AJD 
ADS36ARH ADS3GARD 

ADS36ASH ADS36ASD ADS36ASB 
ADS36ASH/883B J ADS36ASD/883B Í AD536ASE/883B 


MP" grode chipa are available tested at 4 251C and 4 825"C. "J" grade chipa arc also avnilable. 


tary 
-55'C to 4125:C 


STANDARD CONNECTION 

The AD536A is simple to connect for the majority of high accu- 
racy rms measurements, requiring only an external capacitor to 
set the averaging time constant. The standard connection is 
shovn in Figure 1. In this configuration, the AD536A vvill mea- 
sure the rms of the ac and de level present at the input, but vvill 


Figure 1. Standard RMS Connection 


shovy an error for lovv frequency inputs as a function of the filter 
capacitor, Cav, as shovm in Figure 5. Thus, if a 44. F capacitor 
is used, the additional average error at 10Hz vvill be 0.196: at 
3Hz it vvill be 196. The accuracy at higher frequencies vvill be 
according to specification. If it is desired to reject the de input, 
a capacitor is added in series vith the input, as shovm in Figure 
3, the capacitor must be nonpolar. If the AD536A is driven vvith 
povver supplies vvith a considerable amount of high frequency 
ripple, it is advisable to bypass both supplies to ground vvith 
0.I4F ceramic discs as near the device as possible. 


Ed 


CIRCUITS DE FUNCIONS ANALÒGIQUES — 6 


The input and output signal ranges are a function of the suppiy 
voltages, these ranges are shoven in Figure 14. The AD536A can 
also be used in an unbuffered voltage output mode by discon- 
necting the input to the bufler. The output then appears unbuf- 
fered across the 25R resistor. The buffer amplifier can then be 
used for other purposes. Further the AD536A can be used in a 
current output mode by disconnecting the 25Ic resistor from 
ground. The output current is available at Pin 8 (Pin 10 on the 
"H" pacltage) vvith a nominal scale of 40pA per volt rms input 
positive out. 


OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the AD536A, the ex- 
ternal trims shovvn in Figure 2 can be added. R, is used to trim 
the offset. Note that the offset trim circuit adds 3658 in series 
vith the internal 25RN) resistor. This vvili cause a 1.596 increase 
in scale factor, vhich is trimmed out by using R, as shovan. 
Range of scale factor adjustment is : 1.596, 


The trimming procedure is as follovvs: 

1. Ground the input signal, Viu, and adjust R4 to give zero 
volts output from Pin 6. Alternatively, R, can be adjusted 
to give te correct output vvith the lomvest expected value 
0f Vi. 


2. Connect the desired full scale input level to Vi, either de or 
a calibrated ac signal (llcHz is the optimum frequency), then 
trim R, to give the correct output from Pin 6, i.e., 1.000V 
de input should give 1.000V de output. Of course, a 
:1.000V peale-to-peale sine vvave should give a 0.707V de 
output. The remaining errors, as given in the specifications, 
are due to the nonlinearity. 


The major advantage of external trimming is to optimize device 
performance for a reduced signal range, the AD536A is inter- 
nally trimmed for a 7V rms full-scale range. 


Figure 2. Optional External Gain and Output Offset Trims 


SINGLE SUPPLY CONNECTION 

The applications in Figures 1 and 2 require the use of approxi- 
mately symmetrical dual supplies. The AD536A can also be 
used vvith only a single positive suppiy dovn to -FS volts, as 
shovvn in Figure 3. The major limitation of this connection is 
that only ac signals can be measured since the differential input 
stage must be biased off ground for proper operation. This bias- 
ing is done at Pin 10, thus it is critical that no extraneous sig- 
nals be coupled into this point. Biasing can be accomplished by 
using a resistive divider betvveen $ Vg and ground. The values 
Of the resistors can be increased in the interest of lovvered poveer 


consamption, since oaty 5 p.À of current flovs into Pin 10 

(Pin 2 on the "H" pachage). AC input coupling requires only 
capacitor C, as shoma, 3 de return is not necessary as it is pro- 
vided internally. C, is selected for the proper love írequency 
brest point veith che inpua resistance of 16.78), for a Cut-off at 
10Hz, C, shonid be )4.F. The signal ranges in this connection 
are slighuy more restricted than in the dual supply connection. 
The input and cutput signal ranges are shovn in Figure 14. The 
load resistor, R,, ís mecessary to provide output sinic current. 


Figure 3. Single Supply Connection 


CHOOSING THE AVERAGING TIME CONSTANT 

The AD536A vvill compute the rms of both ac and de signals. H 
the input is a slovviy varying de signal, the output of the 
ADS36A viill tracle the input exactiy. At higher frequencies, the 
average output of the AD536A vill approach the rms value of 
the input signal. The actual output of the AD536A vvill differ 
from the ideal output by a de (or average) error and some 
amount of ripple, as demonstrated in Figure 4. 


IDEAL 
Eo 


DC ERROR 2 Eg - Eo (IDEAL) 


a TU NCAVERAGE Eo 1 Es 
ON DOUBLE - FREQUENCY 
RIPPL E 


ma a ar (DA 
TIME 


Figure 4. Typical Output VVaveform for Sinusoidal Input 


The de error is dependent on the input signal frequency and the 
value of CAvy. Figure 5 can be used to determine the minimum 
value of Cay vhich vill yield a given percent de error above a 
given frequency using the standard rms connection. 


The ac component of the output signal is the ripple. There are 
tivo vvays to reduce the ripple. The first method involves using 2 
large value 0f Cay. Since the ripple is inversely proportional to 
Cavs a tenfold increase in this capacitance vvill effect a tenfold 
reduction in ripple. V/hen measuring vvaveforms vvith high crest 
factors, (such as love duty cycle pulse trains), the averaging time 
constant should be at least ten times the signal period. For ex- 
ample, a 100Hz pulse rate requires a 100ms time constant, 
vehich corresponds to a 4uF capacitor (time constant — 25ms 
per uF). 


The primary disadvantage in using a large CAy to remove ripple 
is that the settling time for a step change in input level is in- 
creased proportionately. Figure 5 shoves that the relationship 
betuveen Cav and 196 setrling time is 115 milliseconds for each 
microfarad of CAy. The settling time is tvvice as great for de- 
creasing signals as for increasing signals (the values in Figure 5 
are for decreasing signals). Settling time also increases for loyy 
signat levels, as shovn in Figure 6. 


VALUES FOACay ANO 
19 SETTUNG TIME 


FOR 194, SETTUNG TEME IN SECONDS 
MULTIPLY READING BV 9.115 


INPUT FREQUENCY - Ha 


Figure 5, Error/Settling Time Graph for Use vvith the 
Standard RMS Connection in Figure 1 


sermiya — 7.6 


TIME RELATIVE 
TO Vam 

MNPUT 60 
SETTLING 

TME 


ny vomy 100my. 1v 10V 
ma INPUT LEVEL 


Figure 6. Settling Time vs. Input Level 


A better method for reducing output ripple is the use of a 
"post-filter." Figure 7 shovvs a suggested circuit. If a single-pole 
filter is used (C, removed, Rx shorted), and C2 is approximately 
tvrice the value 0f CAy, the ripple is reduced as shoven in Figure 
8 and settling time is increased. For example, vith Cay 3 I4F 
and C, s 2.2uF, the ripple for a 60Hz input is reduced from 
1096 of reading to approximately 0.394 of reading. The settling 
time, hovever, is increased by approximately a factor of 3. The 
values of Cay and C, can therefore be reduced to permit faster 
tettling times vvhile still providing substantiat ripple reduction. 


The nvo-pole post-filter uses an active filter stage to provide 
even greater ripple reduction vvithout substantially increasing the 
tetling times over a circuit Vvith a one-pole filter. The values of 
Cava C2, and C, can then be reduced to allovv extremely fast 
tettling times for a constant amount of ripple. Caution should be 
exercised in choosing the value of Cay, since the de error is de- 
pendent upon this value and is independent Of the post filter. 
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I RMS Measurements — AD536A 


For a more detailed explanation of these topics refer to he 
RMS to DC Conversion Application Guide 2nd Edition, available 
írom Analog Devices. 


(FOR SINGLE POLE, 
Com", Au, REMOVE 
sl) 


is cs: 
qe 
rar Vins OUT 


Figure 7. 2-Pole "Post" Filter 


Gav 2 teF, Ca 9 2. 


Cav 2 uf, 
C2 9 Ca 0 2.24F (MO POLE) 


Figure 8. Performance Features of Various Filter Types 


AD536A PRINCIPLE OF OPERATION 
The AD536A embodies an implicit solution of the rms equation 
that overcomes the dynamic range as vell es other limitations 
inherent in a straight-forvard computation of rms. The actual 
computation performed by the AD536A follovs the equation: 
Vins 

Vas S. A08. VE) 
Figure 9 is a simplified schematic of the AD5364: it is subdi- 
vided into four major sections: absolute value circuit (active rec- 
tifier), squarer/divider, current mirror, and buffer amplifier. 
The input voltage, Viu, vvhich can be ac or de, is converted to a 
unipolar current 1,, by the active rectifier A,, A,. I, drives one 
input of the squarer/divider, vehich has the transfer function: 


Los OU 


CIRCUITS DE FUNCIONS ANALÒGIQUES — 8 


The Output current, la, of the squarer/divider drives the current 
mirror through a love pass filter formed by R, and the externally 
connected capacitor, Cay. If the R,, Cav time constant is much 
greater than the longest period of the input signal, then I, is 
effectively averaged. The current mirror returns a current I, 
vehich equals Avg. (L,J, bach to the squarer/divider to complete 
the implicit rms computation. Thus: 


LS Aog. (NVLa s Di ms 
The current mirror also produces the output current, loyr, 
vhich equals 214. loyy can be used directly or converted to a 
voltage vvith R, and buffered by A, to provide a lov impedance 


voltage output. The transfer function of the ADS536A thus 
results: 


Vour € 2Ra hm S ViN ma 
The dB output is derived from the emitter of Q3, since the volt- 
age at this point is proportional to —log Viu. Emitter follovver, 
Qs, buffers and level shifts this voltage, 80 that the dB output 
voltage is zero vvhen the externally supplied emitter current 
(IRgr) to Qs approximates h. 


CURRENT MIAROA 


ANSOLUTE VALUE/ 
VOLTAGE — CURRENT 
CONVERYEA 


ayer 
IN BUFPER Guy 


eur 
our 


ROTE: PINOUTS AR FOR 16-98 QP, 


Figure 9. Simplified Schematic 


ABSOLUTE 
VALUE 


(2) AD5364 
TE) 
DIVIDER 
3) 
MIRROR 


CONNECTIONS FOR dB OPERATION 

A povverful feature added to the AD536A is the logarithmic or 
decibel output. The internal circuit computing dB vors secu- 
rately over a 60dB range, The connections for dB measurements 
are shovvn in Figure 10. The user selects the OdB level by ad- 
justing R, for the proper OdB reference current (vrhich is set to 
exactiy cancel the log output current from the squarer-divider at 
the desired OdB point). The external op amp is used to provide 
a more convenient scale and to allovo compensation of the 
40.3399FC scale factor drift of the dB output pin. The special 
T.C. resistor, R,, is available from Tel Labs in Londonderry, 
N.H. (Model Q-81) or from Precision Resistor Inc., Hillside, 
N.J. (model PT146). The averaged temperature coeflicients of 
resistors R, and R, develop the -- 3300ppm needed to reverse 
compensate the dB output, The linear rms Output is available at 
Pin 8 on DIP or Pin 10 on header device vvith an output imped- 
ance of 2510, thus some applications may require an additional 
buffer amplifier if this output is desired. 


dB Calibration: 
1. Set Viy 8 1.00V de or 1.00V rms 
2. Adjust R, for dB out — 0.00V 
3. Set Vig S. H0.1V de or 0.10V rms 
4. Adjust Rs for dB out — —2.00V 


Any other desired OdB reference level can be used by setting 
Vi and adjusting R, accordingiy. Note that adjusting Rs for 
the proper gain automatically gives the correct temperature 
compensation. 


TEMPERATURE 
COMPENSATEO 
48 OUTPUT 
4 199mVIdB 


"SPECIAL TC COMPENSATION RESISTOR 4 3S00ppm 16 TEL LABS Q.81 
PRECISION RESISTOR CO 9 PT148 OR EQUIVALENT 


Figure 10. dB Connection 
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AD536A 


FREQUENCY RESPONSE 

The AD536A utilizes a logarithmic circuit in performing the 
implicit rms computation. As vvith any log circuit, bandvvidth is 
proportional to signal level. The solid lines in the graph belovr 
represent the frequency response of the AD536A at input levels 
from 10 millivolts to 7 volts rms. The dashed lines indicate the 
upper frequeney limits for 196, 1096, and 3dB of reading addi- 
tional error. For example, note that a 1 volt rms signal vvill pro- 
duce less than 196 of reading additional error up to 1204Hz. A 
10 millivolt signal can be measured vvith 196 of reading addi- 
tional error (1004V) up to only SleHz. 


eL LLULL LL 
prmneoril LE 'Eie life 
4 
ti EA AN I 
UN 
arte LLEI I UI 
i UE) 
1004 1M 1044 


FREQUENCY — Hz 


LL 104 
Figure 11. High Frequency Response 


AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooled in determining the accuracy of 
an ac measurement, Crest factor is defined as the ratio of the 
pealt signal amplitude to the rms value 0f the signal (C.F. — 
V,Vras). Most common vraveforms, such as sine and triangle 
vraves, have relatively lovv crest factors (4.2). VVaveforms vhich 
resemble love duty cycle pulse trains, such as those occurring in 
svitching povver supplies and SCR circuits, have high crest fac- 
tors. For example, a rectangular pulse train vvith a 196 duty cy- 
cle has a crest factor of 10 (C.F. s 1/V/m). 


Figure 12 is a curve of reading error for the AD536A fora 1 
volt rms input signal vith crest factors from 1 to 11. A rectan- 
gular pulse train (pulse vvidth 10045) vvas used for this test since 
itis the vorst-case vvaveform for rms measurement (all the en- 
ergy is contained in the pealts). The duty cycle and pealc ampli- 
tude vvere varied to produce crest factors from 1 to 11 vvhile 
maintaining a constant 1 volt rms input amplitude. 


a b— r—ej a DUTY CVCLE a et 
Vv 


aleszeledcilis CEA 


e 
I is em termal a 1 Volt ra 
10048 


INCREASE 
IN ERROR — 
Bol Resding — 


CREST FACTOR 


Figure 12. Error vs. Crest Factor 


1V ma CFe30 


LU) 10u9 10049. — 100049 
PULSE MIDTA — us 


Figure 13. AD536A Error vs. Pulse VVidth Rectangular 
Pulse 


16 10 e16 810 
VOLTS, DUAL SUPPLY 


6 10 Es) Ll 
VOLTS, SINGLE SUPPLY 


Figure 14. AD536A Input and Output 
Voltage Ranges vs. Supply 
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BURR - BROVVNS 


Lovv Cost 
TRUE RMS-TO-DC CONVERTER 


FEATURES 
o LO COST 


o HIGH ACCURACY 
20.230 s2mV 


o HIGH RELIABILITY 
liybrid constructien 


DESCRIPTION 


The Burr-Brovn Model 4341 RMS-to-DC 
Converter features lovy cost vvithout sacrificing 
performance. The 4341 computes a DC voltage 
proportional to the true rms valuc 0f signals vvhich 
may be complex vaveforms, DC levels, or a 
combination of both. 

The input and output are fully protected against 
overvoltages and short circuits. Provisions for the 
external adjustment of gain, ofíset voltage, DC- 
reversal error, and frequeney response male the 4341 
versatile. enough to fill the majority of your 
applications. 


Interntlonat Airport tadustriat Part - P.O. Box 11400 - Tucsen, Artzema 85734 - Tal. (002) 748-111 - Teix: 910-952-1111 - Cable: BBACORP - Talox: 08-8491 


tg Orlog'Ulog En p1 -log E, 


Mao no connection 


FIGURE 1. Simplified Schematic. 


2 
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2109 lEnf " 


Pa log En 


THEORY OF OPERATION 


The true rms value of a time-varying signal E (t) over a 
time period T is 


Em 8 VV 1/T $ T/o (EQ) di 


The required operations arc squaring, averaging and 
square rooting. A simplified schematic diagram of the 
4341 is shovn in Figure l. The Al circuit produces a 
current i vvhich is proportional to the rectified input 
voltage. The A2 circuit is a logarithmic amplifier vvhich 
produces a voltage proportional to 2 log Eu or log En'. 
The logarithmic gain of the A2 circuit is derived from the 
inherent exponential characteristics of transistor 
junctions. By using proprietary monolithic components, 
the circuit provides an accurate log function over many 
decades vrhich is relatively insensitive to temperature 
variations. Amplifier A4 uses the same techniques as A2 
to generate log Esu. 


Transistor: Qi produces a collector current i, 
proportional to the antilog of its base-emitter voltage 
such that 


ira log" (log En: - log Esu) 
E log (108 En / Es) S En / Es 

The A3 circuit vvhich contains the external capacitor 
tahes the time average of the i, signal and produces Esu 
vhich is directiy proportional to the rms value of Eu. 

Figures 2 and 3 shovv the effects of the external filter 
capacitor on ripple magnitude and response time. As the 
frequency of the input approaches DC, the 4341 begins to 
act lite a full vvave rectifier such that the output is the 
absolute value of the input. VVhile the 4341 vvill accurately 
convert DC input voltages. the averaging capacitor must 
be made very large to minimize ripple at lov: frequencies. 
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ELECTRICAL SPECIFICATIONS 


Tipical et 25'C vith rated cuppiy volages, untess omhenvias Boted. 


MECHANICAL 


O to Y10V 
ssmA, mia 
NN, mar 
2186 o oretical Output - a er 
-M8 
laput: SO0mV, rma to 5.0V, rems 
laput: DC to (Qu MHz Sine V/ave um 


taput: iOmV, res to TV, m8 
laput: DC to 204H2 


20.546 ol Reading. max 


tlmV 40.290 Reading 


Accuracy v3. Temperature 30. imV 20.0196 o( Reading/"C 
Accuracy vs. Suppty Voltage 40.ImV £0.019p of Reading/ 96 ol 
Suppiy Volage Change 


Rated Votage tISVDC 
Volage Range AIPVDC 10 £IGVDC 
L tl2mA. typ. /£24mA, mar 


Rover Spacing:. 7.6mm (0.30") 

Vieight: 3.4 grama (0.12 02) 

Connector: 14-Pin DIP 
O146MC 


Pin material end plating composition 

contorm to Method 208 (aotderabilitv) 

NOTES: ot Mii-S1d-202. 

1. After sandard trim procedure (vet belov/). 

2. Model 441 vill convent DC inputs. Lover frequency AC inputs require a large valve of averaging 
capacitor to minimize ripple at output. (sc€ Figure 2). 

3. Alter expanded trim procedure. sec page 4. 

Nou Spacing 7.6mm (0.307) 

Vleigit: 3.4 grama (0.12 02.) 

Connector: i4-Pin DIP 0145MC 

Pia matenal and plating composition conform 

10 Melhod 208 (rolderability) of Mil-S14-202 


STANDARD TRIM PROCEDURE 


If the 4341 is used to measure sine vvaves Or distorted sine L. Set En 5 5.000V, rms X0.0290 and adjust RI such that 
vraves, only tvvo trims are needed to achieve an accuracy Es 5 5.000VDC t2mV. 


of 40.509 of reading from S0O0MV, rms to SV,rmsupto —2. Set En S00mV, rms X0.029ç and adjust R2 such that 
l0xHz. Refer to Figure 1. Es 5 S0O0MVDC 20.2mV. 
3. Repeat Step 1. 3 
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CHOOSING THE AVERAGING CAPACITOR 


A single-pole lovv-pass RC filter provides the averaging 
function. The time constant is 1/2 RC vrhere R is I0RN 
vvhen the 4341 is adjusted for unity gain. To select the best 
value of C, malte 8 tradeoll betvveen output ripple and 
response time. Figure 2 shovs the ripple magnitude vs. 
frequency for several typical values of capacitor. 
Response time vs. capacitor value is shovvn in Figure 3. 
(Note that rise times and fall times are different for the 
same value of capacitor). 


È 
i 
i 
i 


1.00V RMS Bino Vovo Input Frequeney 


FIGURE 2. Output Ripple Magnitude vs. Input Signal 
Frequency. 


VVhile the ripple magnitude for signals other than sine 
vaves can be analytically determined, it is tedious. The 
fastest method of choosing C is to appiy a representative 
input signal and observe the output for various value of 
C. C can be 100'3 of microfarads, but should have a 
lealcage current less than 0.IuA to minimize gain errors. 
VVieh very large values of C, the input signals vith 
frequencies approaching DC level could be averaged. 
Since the output is ahvays 8 positive voltage, C can be 
polar capacitor. 


i 


Ou EF quE t0uf 100p£ 
Avoreging Cepacitor Value 


FIGURE 3. Response Time vs. Value of Averaging 
Capacitor. 


EXPANDED TRIM PROCEDURE FOR GREATER ACCURACY 


IC the 4341 is used in applications to measure complex 
vaveforms, the folloving expanded trim procedure is 
recommended, (Refer to Figure 4). 


Firat set all potentiometers at mid turn position. 


I. DC Reversal Error - Apply 10.000V £imV and 
-10.000V £imV to Es alternatively, adjust R5 such 
that Es readings are the same £2mV. 

2. Gain Adjustment - Apply Es z H10.000VDC 
tlmV, adjust RI such that Es s H10.000VDC £ImV. 

3. Input Ofíset - Apply 410.0mV Z0. imV and -10.0mV 
HO. ImV to En, adjust R4 such that Es readings are the 
same 0. imvV. 

4. Ofíset - Ground Es, adjust R3 such that 
Es 5 0 Z0.ImV. Repeat Step (3). 

5. Lovy Level Accuracy - Appiy Es — H10.0mV £0. ImV, 
adjust R2 such that Es — 410.0mV 0. ImV. 


NONUNITY GAINS 


cI8VOC Q -I8VPC 


10402 


FIGURE 4. Expanded Trim Procedure (High Accuracy 
Applications). 


Gain values greater than unity can be achieved by inserting resistor R, betvveen pin 5 and pin 6. R, se (Ai - 1) x 10h 4 28 
vvhere A is the desired value 0Í gain (I £ A S 10). (R, is in ohms). 
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LM139A/239A/339A/ 
LM139/239/339/ 
LM2904/MC3302 

Quad Voltage Comparator 
Produet Specification 


FEATURES 

e Vldo eimgle cuppiy voltege range 
2.0Voc to 30Voç 0r duel cupptes 
£ 1.0Voç to £ 10Voc 

e Very lor euppiy current drein 
(0.8MA) Independent ot cuppty 

voltage (1.0mt//comperator at 
6.0Voc) 

e Lou ingut blesng Cuvont 26nA 

o Lov imput offeot current £ EnA 
end oftect voltago 


rango includes ground 

e Difforentiel input voltege rengo 
equal to (Me pomer GUppiy 
voltego 
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ORDERING INFORMATION 
DESCRIPTION 


O to 4 t25'C 
O to € 125'C 


t4.Pm Plasbc OIP 


ML 
EL CI DI 
ET LT TI EE 
14-Pn Plasse SO Ds o —J 
14-P Plaste DIP ET I SIS 
14-Pin Cerdip O to € 70'C 
14-Pin Plaatc SO -40"C to 485'C 


14-Pin Plastic OIP -40"C to 485"C 


DC AND AC ELECTRICAL CHARACTERISTICS V 4. a 5Voc, LM130A/LM139: -55"C Ta S 125'C, uniess othenvise 


LM231 


12510 G Ta G85"C, uniess othemise spocífied. 


LM339: O'C G Ta S T0"C, uniess othnervisa apecified. 


Ve m SVoc, UM33PA: O'C LTa S 70"C, uniees others epecified. 
LM230A: -251C G Ta G85'C, uniees otmendes epacified. 
12901 /113302: —40"C G Ta S 85"C, uniees othenvisa 


epecifiod. 


Migey OC hit-y SAN output in 
Unear range 


Ta em 25'C 
Over temp. 
Una) ele) 

Ta 7 25'C 
Over temp. 


IGAS input bles current" 


input otfset current 
1 100 


1150 nA 


Vinei 2 1Voc. Vist) e 0, 
Vo 8 15Voc. 

Ta 8 25"C 60 J 16 80 

Vo 2 800MV. 

over temp Ja 


lor Output sn current 


16 mA 


TT Vine P 1Voc. Vine) s 0 

Vo 8 5Voc. 
Ta 9 25'C ot 
Vos 30Voc. 
over temp. 10 


Ve a 28V, Ap 0 
on comparators. 
T, a 257C 08 l 20 
Va e 30V La 


A 2 1518. 
GE GA BV so l 200 50 


200 V/mVy 


L 
r i i Virrei 2 1Voc. Vine TO 


250 400 mV 


Va 2 TIL fogic svang. 


Large-tgnal response Ume Vaes "1 4Voc. Va, 8 SVoc. 


300 ns 


Le —— 
ta Responses bmel 


i 
I 
Ll 
I 
i Ap 2 5.1XSL Ta a 25'C 
ec ES er 
VaL 2 SVoc. Ap 9 5.1RO2, va 
Ta o 25'C 
be el 


13 us 


—a— 
Sea notes folloving characteristics 


DC AND AC ELECTRICAL CHARACTERISTICS v 2 s SVoc, LM130A/LM139: 


Manmum pover desspaton, Ta ue 259C 
(obttar" 


Lead soldenng temperature (108ec max) 


at 8.5mVV/1C 
Poctego at 11.4myy/'C 
D Peciaga at 6.3mv//C 


um to 4 vau greater Men -0.3Voc. 
"88'C G Ta S 125"C, untess othorvies 
epecitied. 

UM239: -250Ç Q Ta S 85"C, unioss othervtsga epecified. 
LM339: 0'C S Ta S 70'C untees otherviso epecifieg. 


V 4 a 6Voc, LM339A: O'C Ç Ta S 70"C, uniees oMervtse spocifiod 
LM239A: -28"C G Ta G85'C, untees otervieo epecified. 
UM2901/LM3302: -401C G Ta 8 85"C, unteea ohervisa 
mpocified, 


Vos 


Ta " 25'C 
Over temp. 
Ta 8 25'C 
Over temp. 


————————— 
Vom 
Via 


esp ell 
Vins 2 OVoc. 
(or V- it need) 


IBuns 


input bras current" 


Me) OT ley VA OUpUt in 
imear range 
Ta 9 25'C 
Over temp. 


dl 


los input oftget 


Untep— line y 
Ta" 25'C 
Over temp 


Current 


Output gin 


Vigyey 8 1Voc. Vinte) a O, 
Yo £ 1.5Voc. 
Ta a 25'C 
Vo e 800my, 
over temp 


cunent 6.0 6.0 


Output leanage current 


i 
-t 
I Vinçe 2 UVoc, Vine) e O 
i 
I 


10 


SupPpIy Curre: 


Ve a 28V Rue ma 
on comparators, 
Ta" 25'C 
Ve a JOV 


nt 


20 20 


j Vottage gam 


RQ a 15x 02 
Ve e 15Voc 


Saturabon voltage 


Vangei Dl MVoc. Viyyey 8 0, 
gi S AMA 
Ta 2 25'C 


Over temp 700 


Largo-signal 
Eemmicals 


Viy 2 TTL logec seang, 
Vagr 2 1.4Voc. Va, 8 5Voc, 
Ri a 5.1hÉ2. Ta m 25"C 


response bme 


ta 


Response tmet 


Va € 5Voc. Re 8 5.1RQ, 
Ta a 260Ç 
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OC AND AC ELECTRICAL CHARACTERISTICS V 4 2 5Voc. LMI30A/LM139: -55'C G Ta € 125'C, untess othenviss 


LM239: -251C € Ta GBSC, untoss oMermse epoctfied. 
LM339: 02C G Ta S 70"C untess others specified. 


Ve a SVoc. UM339A: O'C SG Ta € 70"C, untess othenvvse specfied 
LM230A: -25C G Ta G85'C, untess othervise specrtied. 
h LM2901 /LM3302. - 40"C G Ta G 85"C, untess ohenass 
specrfied. 


ge y — lia 
Ta 9 25'C 


NA 
nA 
t nA 
Over temp. 200 
Vagey 2 1Voc. Vilt) e 0, 60 J 16 i L) mA 
Vo 8 Í.5Voc. 
Ta" 25'C 
Vo v 800MV, 
over temp. 
Vinçey 2 1Voc. Viede) 2 O 


Vo " SVoc. 
ton Output leaivago current Ta 7 25'C 


Vos 30Voc. 
ei ea es 
Via 28V. Ri a d 18 
on comparators, 
loc Sippy: cament Ta u 28'C 
V3 — 30V 
: ESC 
Ay Voltage gain ec tOVos 


vn 4 —-— 
Vuney 2 1Voc. Vine) PO. I 


gin S 4mA 
VO. Saturation voltage Sa a 25PG 400 150 J 400 JO mv 
Over temp. 400 700 700 
Vine TL logic mvang. dE) 
Usa Large-egnal responsa tme VaEr P 14Voc. Va, " SVoc. 300 300 n3 
di 


Es 


Riu 5.145), Ta o 25'C 


h ——- ET 3 
RE 1 Va 9 SVoc. Ap 9 5.1R9A, 
ta Response time TA a 25PC 13 13 us 
EES le Ei a RES Es EI il 


Ses notes follovang characteristics. 


NOTES: 


1 For operadng at fugh temperatures. ha LM339/339A, LM29O1 and MC3302 must ba derated based on a 125'C max pncton temperature and 8 Mer 
remtanca ot 175'C/VV mtucn apphes tor Me Geca sodered m a pnmted Orour board, operetng m a sbl ar ambient. Tha LM139/130A/230/230A muet be 
dersted on 9 150"C maxmur uneton temperature. Tha our pomer daupaton and no "On-OM" eharactensuca of tha outputs heep the ciup ditamabon very medi 
(Po £ 100MMM. promdeg the output Vanyators are alloved to saturalo 


2 Shon orcurts rom ie output lo Vt can causa excessve hosbng and eventual destructon Tha maomum output current 4 approamataty 20MA independent ot ha 
magntuda ot Ve 


Tus in0ut current unil oniy evat eman the voltaga at any ot ha Mput l6848 (8 Enven NegaUve it 1a due to the collector-base juncton ot tho mout PNP tranestors 
beconyng forvard buased and thereby actng as Mput iode ciamps in adómon to va dode acton. here a aixo laterai NPN parasibe tvanseator ecton on ha IC 
cimp Tivs trangestor acton can causa the output vortages of the comparators to go to Me Vt voltage level (or to ground tor a large overgeve) tor the tma dureton 


Mat an mput 19 Onven negativa Tva 13 Not destructve and normal Output states unil reestabisA iMen the Mou voltago, efach vena negatve, agam rotume to a velva 
greater an -O JVoc ú 


Poutve excursons ot mput vollaga may axceed (Ma porver eupoiy level by 17V. A long as tho other voltage romaira vnttvn (he common-mode rango, ha 
comparatox vil promda a proper ouiput State. The lor mout votlage atala must not be lesa Man -0.3Voc (ot O 3Voc beloe ho magntudo ol iha Negatve porrer 
suppNy 4 useo) 


5 Al Output MACN POMt. Va El 1 dVoc. Ag ON mh Ve tom SVoc t0 3OVoc. End over Ma MA mut common-mode renge (OVoc to Vt - 1.5Voc) 

Tha mou common-mode votage or ermer put tignal vottaçe inòvid not ba aflovred to go negatve by more Man 0.3V. The upper end ol ha common-moda 
vortage ianga m Ve - 15V. but erhor or bolh mputs can Qo lo 3OVoc vthout damago 

Tha drecton ot Ma MpUL Current 8 Out ot the IC due to ne PNP mput staça Ta current m essentaly constant, ndependent of tha stats of 16 OURPUt 80 No 
Moading chança eosts on na reference or imput xes 

The responsa bme apected a tor a '0Omy out 3190 vat a Smy overdrva For iarger overdnva ugnais 30Ons can ba obtumed (sea typical perlormanoa 
cnaractensucs. secponi 
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National 
Semiconductor 
Corporation 


MM54HC 405 1/MM74HC4051 


8-Channel Analog Multiplexer 


MM54HC4052/MM74HC4052 


PRELIMINARY 


Dual 4-Channel Analog Multiplexer 


MM54HC4053/MM74HC4053 


Triple 2-Channel Analog Multiplexer 


General Description 


Tnese multiplexers are digitally controlled analog svitches 
implemented in microCMOS Technology, 3.5 micron silicon 
gate P-vvell CMOS. These svitches have love "on" resist- 
ance and lomv "ol" leatages. They are bidirectional 
svitches, thus any analog input may be used as an Output 
and vice-versa. Also these suvitches contain linearization cir- 
Cuitry vehich tovvers the on resistance and increases svvitch 
linearity. These devices allovv control of up to 4 6V (peal) 
analog signals vvith digital control signals of O to 6V. Three 
suppiy pins are provided for Vcc, ground, and Veg. This 
enables the connection ot O-5V logic signals vhen 
Vec-SV and an analog input range ol £5V vhen 
Veg — SV. All three devices also have an inhibit control 
vehich vhen high veill disable all svitches to their off state. 
All analog inputs and outputs and digital inputs are protect- 
ed trom electrostatic damage by diodes to Vec and ground. 
MM54HC4051/MM74HC4051: This device connects to- 
gether the outputs of 8 svitches, thus achieving an 8 chan- 
nel Multiplexer. The binary code placed on the A, B, and C 
select lines determines vvhich one of the eight smitches is 
"on", and connects one ot the eight inputs to the common 
Output. 


MM54HC4052/MM74HC4052: This device connects to- 
gether the outputs ot 4 svitches in tvvo sets, thus achieving 


a pair of 4-channel multiplexers. The binary code placed on 
the A, and B select lines determine vehich svitch in each 4 
channel section is "on", connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation ot a 4-channet differential multiplexer. 
MM54HHC4053/MM74HC4053: This device contains 6 
svitches vvhose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent ol 3 single-pole-double throvr contigurations. 
Each of the A, B, or C select lines independentiy controls 
one pair ol svitches, selecting one ol the tvvo svvitches to be 
"on", 


Features 
m VVide analog input voltage range: £ 6V 
ti Lovr "on" resistance: 50 typ. (Vec-Veg — 4.5V) 
30 typ. (Vcc-VEg — 9V) 
m Logic level transiation to enable 5V logic vvith £ 5V 
analog signals 
 Lovv quiescent current: 80 uA maximum (74HC) 
am Matched Svitch characteristic 


Connection Diagrams 


tN/OUT QUIN IN/QUT 
IN/QUT — guiny SNQUT DUN MIQUT 
Ve YO Sa ao Ve ICE X 0 am 28 Ve BO AA AA OC 


Dual-in-L.ine Pactages 


8 YB OUTAN VT VS NM VA GND YH VA GD AB CV CO CX AM Vea GND 
iiiòut ICO UT À inidur QUIN "your I ius DUTUN IMIOUT 
TL/F/535J-4 TL/F (5953 -2 TU/F/5353-3 
Top Vievr Top Viev Top Vievr 
Order Number MM54HC 405 1J, MM54HC4052J, MM54HC 40534, 
MM74HC405 1J, N, MM74HC4052J, N or MM74HC4053J, N 
See NS Paciage J16A or N16E 
las a re a de Gra das dl 
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Absolute Maximum Ratings (Notes 1 4 2) Operating Conditions 


Supply Voltage (Vcc) —0.5t0 4 7.5V Min Max — Units 
Suppiy Voltage (Veg) 40510 -7.5V Supply Voltage (Vcc) 2 6 V 
Control input Voltage (Vip) —15t0Vect 15V Suppiy Voltage (VEE) 0 -6 V 
Svriteh I/O Voltage (Vio) Veg —0.5 lo Vec t 0.5V DC input or Output Voltage 0 Vec v 
Clamp Diode Current (li. Or) 420 mA (Viu. Vour) 

Output Current, per pin (IoT) 125mA Ara comp: Range (Ta) —40 485 Lel 
Vcç or GND Current, per pin (Icc) 450 mA MMS4HC -55 4125 Llei 
Storage Temperature Range (TsrG) —65'C to t 150'C Input Rise or Fall Times 

Povver Dissipation (Po) (Note 3) 500 mVV (te, t) Vec 7 2.0V. — 1000 ns 
Lead Temp. (TV) (Soldering 10 seconds) 260'C Vecs 4.5V 500 ns 


Vece 6.0V — 400 ns 
DC Electrical Characteristics (Note 4) 


Ta 250 74HC S4HC 
Symbol Conditions A Ta - — 40 to 85'CÍT, 55 to 125'Clunits 
Typ Guaranteed Limits 
Vi Minimum High Level 15 V 
Input Voltage 3.15 Vv 
4.2 V 
Vi. Maximum Lov Level 0.3 0.3 V 
Input Voltage 0.9 0.9 V 
12 12 V 
RoN Maximum "ON" Resistance (Ver, — Vis, ls — 1.0 mA 40/ 200 250 n 
(S8e Note 5) Vis $ Vec to VeE 30J 100 125 n 
(Figure 1) 112 n 
290 350 n 
138 165 n 
Vis 5 Vec or VEE 110 135 n 
(Figure 1) 100 120 n 
RoN Maximum "ON"Resistance IVor S ViH GND /4.5V 20 20 n 
Matching Vis € Vcc to GND — 4.5VI14.5V 15 15 n 
—6.0VI6.0V 15 15 n 
NN Maximum Control Viy 5 Vcc or GND t01 410 110 pA 
Input Current Veç 5 2-6V 
h2 Maximum Svvitch "OFF" Vos 5 Vec or GND GND 16.0V 460 4 600 1600 nA 
Leaage Current Vis s GND or Vec —6.0VI6.0V 1 100 4. 1000 4 1000 nA 
(Svvitch Input) Vins 5 Vius (Figure 2) 
L—— ————— 
2 Maximum Svitch Vos 5 Vec or GND GND /6.0V pA 
"ON" Leaxage HC4051JViN4 5 Vi, —6.0VI6.0V pA 
Current (Figure 3) 
aa TI dr 1 
Vos " Vec ot GNO GND /(6.0V pA 
HC4052JViN4 5 ViL —6.0VI6.0V pA 
(Figure 3) 
F 3 BS dE 3 se): 
Vos 5 Vec ot GND GNO /6.0V pA 
HC4053JViyH € ViL —6.0VI6.0V pA 
hó.: (Figure 3) LL 
Note 1: Absolute Maximum Ratings are those values bayond iviuch damage to the device may OCcur 
Note 2: Untess othermse specihied all voltages are relerenced lo ground 
Note 3: Pover Dissipation temperalute detating — plastic "N' pachage — 12 MVV/'C lrom 65'C to 85'C, ceramic "J' pachage — 12 mVV/'C from 100'C to 125'C 
Note 4: For a pomer suppiy ol SV £ 1O"e the vorsi case on resistances (Ron) occurs lor HC at 4 5V Thus Ihe 4 5V valves shouló be used vhen designing vat 
this suppiy VVorst case Viu and Vi, occur al Vec — 5 SV and 4 5V respectively (The Viu valve at 5 5V 15 3 85V ) The vrorst case leanage current occur for CMOS al 
the higher voltage and so Ihe S SV valves shouid be used 
Note 5: At supply voltages (Vcc-Veg) approaching 2V the analog smtch on resistance becomes extremely non-linear Theretore 1 is tecommended that these 
demces be used to transmit digital onty venen Using these supply vollages 


LL pel 
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Logic Diagrams 
MM54HC 405 1/MM74HC 405 1 


CHANMEL (N/QUT 


COMMON 
L0dic 0UT/M 
LEVEL 

CONVERSION 


11/F/5353- 19. 


MM54HC 4052/MM74HC4052 
X CMANNELS (H/QUT 
ns a NO 


COMMON X 
UT /N 
Comagu Y 
QUIN 
moral 
va V CHAMMELS 1H/QUT 14/F/5359- 20 
MM54HC 4053/MM74HC 4053 
GINARY 19 
v0F2 
L001€ Vec DECODERS iM/0U1 
LEVEL nm a 
CONVERSION MeiguT er ex 8r BX AV AR 
QUT/M 


AJ et AY 


QUT/IM 
DR er OV 


QUT/IMN 
CX o CV 


TL/F/5353-21 
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DC Electrical Characteristics iNote 4 (Continued) 


usem 74HC S4MC 
ja Ta" —4010 85'C Dn Poe manaeil —55 to 125"Cl Units 
PC Guarantzed mt I Llmits 


GND /6. cel 
—6.0V/6.0V 
GND (6.0V 
—6.0V/6.0V 
GND /6.0V 
—6.0V/6.0V 
GND /6.0V 80 
—6.0V/6.0V 


AC Electrical Characteristics vec - 20V-6.0V Veg - 0V-6V, C, — 50 PE (unless olhomise specified) 


Ta 2 25:C 74HC S4HC 
Symbol A Ta —4010 85'C ( Ta —55 to 125'C J Units 
Guaranteed Llmits 


tent, tous ( Maximum Propagation 
Delay Svvitch In to 
Out 


Parameter Conditions 


Maximum Svvitch 
"OFF" Learage 

Current (Common 
Pin) 


HC4051J Vis € GND or Vec 


Vos  Vec or GND 
HC4052/ Vis se GND or Vec 

Vi 8 Vipg 
Vos 5 Vec or GND 
HC4053 ( Vis s GND or Vec 

ViyH 5 Vi 
Viy 5 Vcc or GND 
louT SO A 


Maxirum Quiescent 
Supply Current 


Maximum Svvitch Turn 
"ON" Delay 


tPzL (PzM 


Maximum Svvitch Turn 
"OFF" Delay 


tPHz. tpLz 


(MAX Minimum Svvitch 
Frequency Response 


20 log (Vi/Vo) — 3 dB 
Cross Tallç Control (Figure 7) 
to Svviteh 


Cross Tal Betvveen (Figure 8) 
any Tvvo Svvitches 
(Frequency at — 50 dB) 


Feed Through, Smitch. J Fs 5 MHz 
Input to Output Fs 10 MHz 


CIN Maximum Control 
Input Capacitance 
CiN Maximum Svvitch Input 
input Capacitance 4051 Common 


4052 Common 
4053 Common 


—l — 
CiN Maximum F eedthrough 5 


Capacitance 
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Truth Tables 


"4051 


CEE mi E 


IIrrIiIeZrex 


IIIIeererex 
ItrItIitrIreóx 
XIIItGererrex 
po tia EE) ll malla Ga dE al a 
ICOLeIOETIEr 


AC Test Circuits and Svvitching Time VVaveforms 


ven Vi Vec 
lltermell 


CONTROL — Veg Ven Va Vec 
TEST Peral 
va A Vos 
AMMETER 


Veg 


Mig ee GND OR Vec () Vos 


Vet 
TL/F/5353-4 
FIGURE 1. "ON" Resletance FIGURE 2. "OFF" Channel Leatage Current 


Vig m Vcc 0A GNO 


AMMETER 


1 


aa nes FIGURE 3. "ON" Channel Leatage Current 


Mg z Vec OR GNO Vos (OPEN) 


TL/F/5953-6 


Vec 
Ven e Vi 


CONTROL 

v TEST 
SIMITCM 

Mi 


Veg 


vn 0/ Vos 


FIGURE 4. tp4L, tou Propagation Delay Time Signal input to Signat Output 


a Veç OA GNO 


VL/F/5353-5 


TU/F/535J-7 
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AC Test Circuits and Svvitching Time VVaveforms (Continued) 


i 4 terz 
Veu Veç Veg ez. 


CONTROL Vec 

y VEST 
sunten 

Veg 


Veg a QV on 


ten vu 
Vec 
s0nR 509 
ov ov 
tn va 
Es le M 1094 
LS Va 


R 


1L/F/5953-8 
FIGURE 5. tp7,, tpz Propagation Delay Time Control to Signal Output 


Ven tPzM tenz 


Vec Vec Voo 
CONTROL Vec 303 8094 
Via Vec més: ov 0v 
ten vn 
Ò Vou 
909 
104 ov 


Von aa 


TL/F/5353-9 
FIGURE 6. tpz4, tpuz Propagatlon Delay Time Control to Signal Output 


Vec 


Ven. 


CONTROL 


10F4 
sunteues CUTAN 


Vet 


Veç Ve 


Vig 1H/0UT, 


R (ig 


s00nN 50 pF CP 
Vos CAOSSTALX 
E3 Vet - Te t 


14/F/5353- 10 


FIGURE 7. Crosstatic: Control Input to Signal Qutput 
Vec 


Veny e Vec 


gona fl contant vec 


ds VEE El me, 
Vec Visçn 0v 
Verya se OV 
un 
Typical "On" Reolstance 
Visa se OV Vosin só Input Voltago 


FIGURE 8. Crosstalx Betvveen Any Tvvo Sveitches 


VONY RESISTANCE Q 


6 4-2 O 2 4 6 
INPUT VOLTAGE (VOLTS) 


Vec t —VEE 
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National 
Semiconductor 
Comoration 


AH5009, AH5010, AH5011, AH5012 Monolithic 


Analog Current Svvitches 


General Description 

A versatila tamily ot monolithic JFET analog svitches eco- 
nomicaliy fulfilig a vvide variety of multiplexing and analog 
svvitching applications. 

Even numbered svvitches may be driven directiy from stan- 
dard 5V logic, vhereas the odd numbered svitches are in- 
tended tor applications utilizing 10V or 15V logic. The mono- 
lithic construction guarantees tight resistance match and 
trac. 

For voltage svitching applications see LF13331, LF13332, 
and LF13333 Analog Svitch Family, or the CMOS Analog 
Svvitch Family. 


Applications 

8 A/D and D/A converters 
ts Micropover converters 
es industrial controllers 

m Position controllers 

tu Data acquisition 


Active filters 
Signal muitiplexers/demultiplexers 


4 Multiple channel AGC 

Mm Quad compressors/expanders 

ta Choppers/demodulators 

ms Programmabte gain amplifiers 

a High impedance voltage buffer 

ts Sample and hold 

Features 

ul Intertaces vvith standard TTL and CMOS 

m "ON" resistance match 2n 

a Lov "ON" resistance 100N 

ts Very love leahage 50 pA 

u Large analog signal range $ 10V pear 

m High svitching speed 150 ns 

um Excellent isolation betvveen 80 dB 
channels at 1 Hz 


Connection and Schematic Diagrams (mt svitches shovn are for logical "1" input) 


Duat-in-l.ine Pecrage 


100 vg 


AHS009C and AHS010C MUX Suvitches 
(4-Channel Version Shovn) 
Qrder Number AH5009CM, 

AHS009CN, AH5010CM or AH5010CN 

See NS Paciage Number M14A or N14A 


COn00A ORAL 
Note: AN diode cathodes are intemally connected to the substrate. 


Duatin-Line Pacirage 


100 nu 
AH5011C and AHS012C SPST Sveltches 
(Quad Version Shovn) 
Order Number AH5011CM, 
AHS011CN, AH5012CM or AH5012CN 
See NS Paciage Number M16A or N16A 


16 
VBCOA TES ORAAS 1) /4/5850-1 
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Absolute Maximum Ratings (Note 1) 


It Military/Aerospace specitled devices are required, Drain Current 30 mA 
contact the National Semiconductor Sales Office/ Soldenng Information: 

I Distributors for avallability and specitications. N Pactage 10 sec 300"C 

" — Input Voltage SO Pachtage Vapor Phase (60 sec.) 215'C 

AH5009/AH5010/AH5011/AH5012 30V Infrared (15 sec.) 220'C 

i. Positive Analog Signal Voltage 30V Povrer Dissipation 500 mVV 

' — Negative Analog Signal Voltage —15V Operating Temperature Range —25'C to £85'C 

to Diode Current j0mA Storage Temperature Range —65'C to t 150'C 


Electrical Characteristics aH5010 and AH5012 (Notes 2 and 3) 


a Tm LT i ES Tl 
IG8x Input Current "OFF" 4.5V sVaos 11V, Vso 7 0.7V NA 
Ta 5 85'C nA 
IO(OFP) Leaxage Current "OFF" Vso 5 0.7V, Vas 7 3.8V nA 
Ta 285'C nA 
IG(ON) Leaxage Current "ON" VGo 5 0V, ls € f mA 0.08 nÀ 
Ta 8 85'C NA 
IG(ON) Learage Current "ON" VGo FOV, ls s 2 mA NA 
Ta 8 85'C 'pA 
IG(ON) Lealage Current "ON" VGo P OV, ls —2 mA nA 
Ta 285'C pA 
I TOS(ON) Drain-Source Resistance Vgs 7 0.35V, ls € 2 mA n 
TA 5 1 85'C n 
REOBRE TIC DNS ME UE 
sen Mat OT OVasro tonta a Pr Pa 
ToN Tum "ON" Time See AC Test Circuit LL 150 P 500 1 ns 
Lo TorE Tum "OFF" Time Sea AC Test Circuit DO 300 P 500 ns 
cr L'Cross Tan —SegACTestOircuit La Po l'7 ds 
l Electrical CharacteristiCS AH5009 and AH5011 (Notes 2 and 3) 
armar Lo Parma Conditions re Tor TL Uns 
Po lG8x Input Current "OFF" 11VsVgos 15V, Vso 7 0.7V 0.01 nA 
i Ta 85'C nA 
io IOOFP) Learage Current "OFF" Vso 5 0.7V, Vgs " 10.3V nA 
TA 5 85'C nA 
IG(ON) Lealage Current "ON" VGo SOV, ls 1 mA 0.04 nA 
I Ta 5 85'C NA 
IG(ON) Leatage Current "ON" VGo 7 0V. ls € 2 mA nA 
Ta 585'C pA 
i IG(ON) Lealvage Current "ON" VaD 7 OV.lg € —2 mA nA 
i Ta —85'C pA 
l FOS(ON) Drain-Source Resistance VGs 5 1.5V,ls 5 2 mA 60 100 n 
i TA 5 85'C 160 nN 
lo VoiooE Fonvard Diode Drop I 5 0.5 mA o os J V 
oOmsoN Match Ves" lo- i mA Po lo am 
ToN Turm "ON" Time See AC Test Circuit 150 ns 
i Torr Tum "OFF" Time See AC Test Circuit 300 ns 
po er Cross Tall See AC Test Circuit. f — 100 Hz. o P lo 88 


Note 1: Absolute maumum raungs indicate limits beyond vucn de 


the device beyond 113 speafied operaung Conditons. 
Note 2: Test conditons 25'C uniess otnervnse noted. 


Note 3: "OFF" and "ON" notaton reters to the conducuon state ol ine FET senteh. 


Note 4: Thermal Resistance 


8JA 
NI4A, NI6A 9Z CV 
j MI4A, MI6A MS'C/MV 


lamage to the device may OCcuf. DC and AC electncal specificatons do not apPQiy xen operaUng 


—————————É—éÉ 
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Test Circuits and Svvitching Time VVaveforms 


Cross Tallc Test Cireult 


45V 0r 015V 


Time VVavetorms 


45V or 015V 
Viu 
AC Test Circuit 
Va 9 210V dal 
QV 
Vour 
Vour Va 0 10V 
$ (Cs, € 1095) 


6 9v 
Vi (0un 


0v 


Vour 


Va 8 -10V 


TUUM/5859-2 
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Typical Performance Characteristics 


z- Parameter interaction 
Vasmer OVga "SV. ig a -taA H 


z - 
P z 
83 E 
sé 
El o 
zE 3 

2 : 
PE El 
ms Ps 
36 
i ) 

Ves — GATE SOURCE CUTOEF VOLTAGE (V) 
"ON" Resistance, ros(ON) 
4 vs Temperature 
1 

3 LL 

i 109 

6 n 

El 

: 

g 

z 

i 

3 " 


TEMPERATURE (Cl) 


Leaiage Current vs 


GATE LEARAGE CURRENT (pA) 


ORAIM.GATE VOLTAGE (V) 


Drain Current vs Blas 
Voiltage 


DRAIN CURRENT ImA) 


9 ta 29 39 
GATE SOURCE VOLTAGE (VI 


Lealage Current, IbfOFF) 
ve Temperature 


LEARAGE CURRENT. lames) A) 


TEMPERATURE CC) 


Cross Taliç, CT vs Frequency 


CLIRRA LL LL 


SU: 


CROSS TALR, CT (68) 


FREQUEMGY (Ma) 


Transconductance vs 
Drain Current 


TRARSCONDUCTANCE (mmàc) 
a 


ORALS CURRENT (mA) 


Normaltzed Orain 
Resistance vs Blas Voltage 


tas RORMALIZEO RESISTANCE 
3 


LJ 02 04 06 9a LL) 


Vos/Vasiosey: - MORMALIZED GATE 
10 SQUACE VOLTAGE (VI 


TU/H/5859-3 
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Applications Information 


Theory ot Operation 


The AH series ot analog svvitches are primarily intended for 
operation in current mode svitch applications, i.6., the 
drains of the FET svitch are held at or near ground by oper- 
ating into the summing junction of an operational amplifier. 
Limiting the drain voltage to under a tevv hundred millivolts 
eliminates the need for a specal gate driver, allovving the 
smitches to be driven directiy by standard TTL (AHS010), 
SV-10V CMOS (AHS5010), open collector 15V TTL/CMOS 
(AH5009). 

Tvvo basic sviteh configurations are available: 4 indepen- 
dent svitches (SPST) and 4 pole smitches used for multi- 
plexing (4 PST-MUX). The MUX versions such as the 
AH5009 offer common drains and include a series FET op- 
erated at VGs OV. The additional FET is placed in the 
teedbach path in order to compensate for the "ON" resist- 
ance of the svitch FET as shovm in Figure f. 

The closed-loop gain of Figure 1 is: 


Àjeirs R2 Y tOs(ONjQ2 
Ri "HOS(ONJQ1 
For R1 m R2, gain accuracy is determined by the DS(ON) 
match betvveen Q1 and Q2. Typical match betveen Q1 and 
Q2 is 4 ohms resulting in a gain accuracy of 0.0596 (for R1 
ss R2 2 10 EQ). 


Nolse immunity 


The svitches vith the souree diodes grounded exhibit im- 
proved noise immunity for positive analog signals in the 


SERIES 
ELEMENT 


ANALOG y, 
INPUT 


Va 9 "10V 


FIGURE 2. On Lealrage Current, IG(ON) 


"OFF" state. VVith Viy me 15V and the VA a 10V, the source 
ot Q1 is clamped to about 0.7V by the dioda (Vas re 14.3V) 
ensuring that ac signals imposed on the 10V input vvill not 
gate the FET "ON." 


Selection ot Galn Setting Reslstors 
Since the AH series of analog svitches are operated in cur- 
rent mode, it is generally advisable to maxe the signal cur. 
rent as large as possible. Homever, current through the FET 
svíitch tends to fonvard bias the source to gate junction and 
the signal shunting diode resulting in leatage through these 
junctions. As shovn in figure 2, lG(oN) (epresents a finita 
error in the current reaching the summing junction of the op 
amp. 

Secondty, the rosion, of the FET begins to "round" as Is 
approaches Ipss. A practical rule of thumb is to maintain Is 
at less than Yo ot loss. 


Combining the criteria from the above discussion yields: 
V, Aj 

Rimin 2 SAMAX 10 (2a) 
IG(ON) 

or: 
s VAMAQ (ed) 
loss/10 
vehichever is larger. 


COMPENSATION 
FET 


I 


82 


TL/H/5659-4 
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Applications information (Continue) 


vehero: Vajmax) s Peal amplitude of the analog 


input signal 
Ap mm Desired accuracy 
IGioN —"Lealage at a given Is 
loss m Saturation current of the FET 
svitch 
as 20 mA 


in a typical application, Va might mm £10V, Ag 20.190, 
O'Cs Ta S85'C. The criterion ot equation (2b) predicts: 

(10V) 

AI D'rr— 

(MIN) ( 20 mA ) 

10 
For R1 2 Si, Ig 83. 10V/5h or 2 mA. The electrical charac- 
tenstcs guarantee an IG(oN) S. 14A at 85'C for the AH5010. 
Per the criterion of equation (23): 

(10V)(1073) 
1x1076 
Since equation (2a) predicts a higher value, the 10h resistor 

should be used. 

The "OFF" condition of the FET also attects gain accuracy. 
As shovvn in Figure 3, the leaxage across Q2, IojoFF) lepre- 
sents a finite error in the current arriving at the summing 
junction of the op amp. 


me SRN 


RIMIN)A x10N 


Accordingiy: 
VA(MIN) AO 
Alquag $ (N) IO(OFF) 
Vihere: VA(MN) — € dema i of the analog 
inpu 
Ap m Dosired accuracy 
N m Number ot channels 
LloiteiZ o el A leahage of a given FET 


As an example, if N m 10, Ag " 0.190, and IgjorF) S 10 nA 
at 85"C for the AH5009. R1Max) is: 
(IV1073). —, 
RIMAN (rogiox io es 

Selection of R2, of course, depends on the gain desired and 
for unity gain R1 s R2. 

Lastiy, the foregoing discussion has ignored resistor toler- 
ances, input bias current and offset voltage of the op amp— 
all of vhich should be considered in setting the overall gain 
accuracy ot the circuit. 


TTL Compatibllity 

The AH series can be driven viith tvio different logic voltage 
svrings: the even numbered part types are specified to be 
driven from standard 5V TTL logic and the odd numbered 
types from 15V open collector TTL. 


lo Els t lotorr 
(pp 


T1/H/5659-5 


i FIGURE 3 
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Applications Information (Continued) 


Standard TTL gates pull-up to about 3.5V (no load). In order both cases, tjorr) is improved tor lover values of Rexr at 
to ensure turn-off ol the even numbered svrtches such as the expense of pover dissipation in the lovv state. 
AH501 i 

H5010, a pull-up resistor, RExr, of at least 10 XA should Definition at Terms 


be placed betveen the 5V Vec and the gate output as 
shovn in Figure 4. 

Lixevise, the open-collector, high voltage TTL outputs 
should use a pull-up resistor ag shovn in Figure 5. In 


The terms referred to in the electrical characteristics tables 
arg as detfined in Figure 6. 


ANALOG 
tRPUT (Va) 
Q 


ESC OE a 


s8V 


ANALOG 
OUTPUT 


SV TTL GATE 


FIGURE 4. Intertacing veith 4 SV TTL 


35V OR 115V ANALOG 
INPUT (Va) 


ANALOG 
OUTPUT 


18V TTL GATE 
are comme ere Gen cames cn 


TU/H/5659-8 
FIGURE 5. Intertacing vvith 4 15V Open Collector TTL 


o El Et reia 
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Applications Information (Contnueg) 


Rosiom COMPENSATING 
ELEMENT 
SERIES 
ELEMENT 


SMUNT LT 
ELEMENT 


FIGURE 6. Detinition ot Terms 


Typical Applications 
De-Giitched Svritch for Nolseless Audio Sivitching 
OFF 
sv R 
RC TVPICALLY 
(1 ms—1Ó ms) 


1/4 AMS012 


És TUM/5859-7 
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Typical Applications (Continue) 


ANALOG 
IMPUTS 


CHANMEL 
SAMPLEMOLO SELECT 
SELECT 


Ep Eren eri 


3-Channel Multiplexer veith Sample and Hold 


La 


CMARACTERISTICS: TYPICAL QUTPUT 
VOLTAGE ORIFT 
C$ mV/es 


8-BIt Binary (BCD) Multiplying D/A Converter" 


fa ps ea a De a a Te 


Va 


1095 
i 2 Beciman resistor arrays 
I Part 2698-1.R 100h B recommended 
I 
Í Pi GT, a GElg ee GB Gi a 

l Il GB — G6lg PISTA G8 4 

I Ei) I 16 16 16 16 

LL AM012 xi Note: The smitch is "ON" mhen G 13 at OV (Logic "0") 


FULL 'SCALE AQJUSTMEMT 
Ll 


"Recommended resistor array connection tor D/A applicaton 


4088 
N0A7 


SVATCM 
108 6/ CONMECTIOM 


T1/H/5659-8 
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Typical Applications (Conunued) 16-Channel Multiplexer 


ta OT ana la 
j Ei O Q o 
i 
I 4 
Pa Se) 
EmyO Ll. LU 
EL j 
i ul h 
Eng O o 
le 
F ó 18 l 
ul 1 
Eu O 0 o 
I I 
I Tu 
be AL) l 
' ts —— ml 
COT aus 14 
Em O Ò 0 
i I 
IE TL dl 
LE 
Ens O 3. h 
I I 
CE Ll I ee —m——— : 
' ub 7 ls LE AS 
En O 0 
i i DE Li i ue) i I 
Li - 
i Eu O 4 LED UR I 
l i i 
El 5 
I El 615 - ò7 40 
l EE ie DL 
i OT usen la sl 3 sur 
i Emo O Q i / 
' i 4 l To El 
: El ò2 -— ò8 
ul 7 I, dl 
ase nes o l 
I) 97 uv 014 I 
l dc EE 
I 
EL 
Em b a 


CHARACTERISTICS: ERROR - 0.4uV TYPICAL 8 2S'C 
10uV TYPICAL € 70F'C 


Note: The anaiog svatch beieen the op amp and he 16 input 
svntches reduces the errors due ic. 8a1age. 


All resistors are 10h. 


TU/H/5859-9 


COMMUTADORS I MULTIPLEXORS ANALÒGICS — 147 


Typical Applications (Continuea) 


Gain Programmable Amplifier 


TL/H/5859- 10 


Preliminary Information 
Terminal Voltage 15V 
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X9CMME 
E2POT" Digitally Controlled Potentlometer 


FEATURES 


: Compatible veith XOMME 

e LOvv Pomver CMOS 

—Attive Current, 3 mA Max 

—Standby Current, 500 uA Max 

99 Resistive Elements 

—Temperature Compensated 

—t 2096 End to End Resistance Range 
100 VVIper Tap Polnts 

—VIper Positioned via Three Vvire Intertace 
—Similar to TTL Up/Doven Counter 
—VlIper Position Stored in Nonvolatile 
Memory and Recalled on Povrer-Up 

2 100 Year VViper Position Data Retentlon 
e X9C102 z 1 Ohms 

0 X9C103 - 10€ Ohms 

1 X9C503 x 50X Ohms 

0 X9C104 z: 100XÇ Ohms 


FUNCTIONAL DIAGRAM 


DESCRIPTION 


The Xicor XSCMME is a solid state nonvolatile potenti- 
ometer and is ideal for digitally controlled resistance 
trimming. 


The X9CMME is a resistor array composed of 99 resistive 
elements. Betvveen each element and at either end are 
tappoints accessible to the viper element. The positionot 
the vviper element is controlled by the CS, U/D, and INC 
inputs. The position of the vviper can be stored in nonvola- 
tile memory and then be recalled upon a subsequent 
povver-on operation. 


The resolution of the XXCMME is equal to the maximum 
resistance value divided by 99. As an example, tor the 
X9C503 (50 RQ) each tap point represents 5050. 


All Xicor nonvolatite memories are designed and tested 
for applications requiring extended endurance and data 
retention. Refer to Xicor reliability reports RA-515 and 
RR-520 for detailed information. 


TBIT 


ONE 
NONVOLATILE o OF 
MEMORY to ONE. 
1. HUNDRED 
1. DECODER 


STORE AND 
RECALL 
CONTROL 
CIRCUITRY 


Vec 
GNO 


PIN DESCRIPTIONS 
Vi and Vi, 


The high (Vu) and lovv (VU terminals ot the XSCMME are 
equivalent to the fixed terminals of a mechanical potenti- 
ometer. The minimum and maximum voltage that may be 
applied to the terminals is determined by the voltage on 
Vec. The minimum voltage is —5 and the maximum is 4.5. 
It shouid be noted that the terminology of Vi and V4 
reterences the relative position of the terminal in relation 
tovviper movement direction selected by the U/D inputand 
not the voltage potential on the terminal. 


' 

pi i 

li lrRaNSFERI l 
Li $o GATrES li 


RESISTOR 
ARRAY 


PIN CONFIGURATION 


3863 FHD F02 


CADENA DE MESURA DIGITAL 


Vy 


Vyy is the vriper terminal, equivalent to the movable 
terminal ot a mechanical potentiometer. The position of 
the vviper veithin the. array is determined by the control 
inputs. The viper terminal series resistance is typically 
less than 4092. 


Up/Doven (U/D) 


The U/D input controls the direction of the vviper move- 
ment and mhether the counter is incremented or 
decremented. 


Increment (INC) 


The ING input is negative-edge triggered. Toggling INC 
vvill move the vviper and either increment or decrement 
the counterinthe direction indicated by the logic levelon 
the U/D input. 


Chip Select (CS) 


The device is selected vvnen the CS input is lovv. The 
current counter value is stored in nonvolatile memory 
vvhen CS is retured HIGH vehile the INC input is also 
high. After the store operation is complete the XSCMME 
vill be placed in the love pover standby mode until the 
device is selected once again. 


DEVICE OPERATION 


There are three basic sections of the X9CMME:the input 
control, counter and decode section, the nonvolatile 
memory: and the resistor array. The input control sec- 
tion operates just lilçe an up/dovvn counter. The output of 
this counter is decoded to turn on a single electronic 
sviteh connecting a point on the resistor array to the 
vviper output. Under the proper conditions the contents 
ot the counter can be stored in nonvolatile memory and 
retained for future use. The resistor array is comprised 
ot 99 individual resistors connected in series. At either 
end of the array and betvveen each resistoris an elec- 
tronic sviteh that transters the potential at that point to 
the vviper. 


The ÍNC, U/D and CS inputs control the movement ofthe 
viper along the resistor array. Vvith CS set lovv the 
X9CMME is selected and enabled to respond to the 
U/D and ÍNC inputs. High to lovv transitions on INC vvill 
increment or decrement (depending on the state of the 
U/B input) a seven bitcounter. The output ot this counter 
is decoded to select one of one-hundred vviper positions 
along the resistive array. 


The viper, vhen at either tixed terminal, acts lite its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not vvrap around 
yvhen clocxed to either extreme 


The value of the counter is stored in nonvolatile memory 
vhenever CS transistions high vhile the INC input is 
also high. 


Vvhen the XOCMME is povvered dovvn, the last counter 
position stored vvill be maintained in the nonvolatile 
memory. VVhen poveer is restored, the contents of the 
memory are recalled andthe counteris resettothe value 
last stored 
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PIN NAMES 
Symbol 
Vn 


Description 
High Terminal 
VViper Terminal 
Lovi Terminal 
Ground 
Supply Voltage 
Up/Dovyn Input 
Increment tnput 
Chip Select Input 
No Connect 


CS 
NC 


3963 PGM T0t 


OPERATION NOTES 


The system may select the X9CMME, move the vviper 
and deselect the device vvithout havingto storethelatest 
vviper position in nonvolatite memory. The vviper move- 
ment is performed as described above: once the nevv 
position is reached, the system vvould the xeep INC lovv 
vvhile taling CS high. The nevv vviper position vvould be 
maintained until changed by the system or until a povver- 
off/on cycle recalled the previousiy stored data 


This vvould allovy the system to alvays pover-on toa 
preset value stored in nonvolatile memory: then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference, 
system parameter changes due to temperature drift etc. 


The state ot U/D may be changed vvhile CS remains lovv. 
This allovvs the host system to enable the X9CMME and 
then move the vviper up and dovyn until the propertrimis 
attained. 


Tiyy/RTOTAL 

The electronic svitches on the X9CMME operate in a 
"mare betore breal" mode vvhen the vviper changes tap 
positions. If the vviper is moved several positions mul: 
tiple taps are connected to the vviper for Tivy (INC to Vyy 
change). The Rrora, value tor the device can tempo- 
tarily be reduced by a significant amount if the vviper is 
moved several positions. 


Rrorar vith Vec Removed 


The endto end resistance of the array vvilltluctuate once 
Vec is removed. 


ABSOLUTE MAXIMUM RATINGS" 
Temperature Under Bias . 
Storage Temperature ... 

Voltage on CS, INC, U/D and Vec 


—650C t0 41350C 
—B50C to 41500C 


Reterenced to Ground..................... —1.0V to 47.0V 
Voltage on VH and Vi, 

Referenced to Ground..................... —8.0V to 48.0V 
AV 2 (VH and Vi) 

X9C102 


Lead Temperature (Soldering 10 Seconds). 
VViper Current 


ANALOG CHARACTERISTICS 
Electrical Characteristics 


End-to-End Resistance Tolerance 
Povver Rating at 252C 
X9C102 
X9C103, X9C503 and X9C104. 
Vviper Current 
Typical Vviper Resistance 
Typical Noise........................ 


Resolutlon 
Resistance 


Linearity 
Absolute Linearity(1), 
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"COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating oniy and the functional operation 
ot the device at these or any other conditions above 


, those listed in the operational sections of this specifica- 


tion is not implied. Exposure to absolute maximum 
tating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


—AOPCÇ to 4850C 
X9C102 ds 
X9C103, X9C503, X9C104 ....... 4300 ppnveC Typical 
Ratiometric Temperature Coeficient .. 


Vliper Adjustabilty 
Unlimited Vviper Adjustment (Non-store operation) 
VViper Position Store Operations .... 10,000 Cycles 
Physical Characteristics 


Martcing Includes 
Manutacturers Trademariç 
Resistance Value or Code 


Relative Linearity(8)., Date Code 
Test Circuit 41 Test Circult 42 
VH hd 
TEST POINT 
TEST POINT Vyy FERGB 
a—— FORCI 
Yy Ú CORRENT 
L 
——à VI — 
3863 FHD FO4 3863 FHO FOS 
Notes: (1) Absolute Linearity is utilized to determine actual viiper voltage versus expected voltage 
8 (Venn(actual) — Vaqa(expected)) z 41 MI Maximum. 
(2) 1 Mix Minimum Increment z Rror 99. 
(3) Relative Linearity is a measure of the error in step size betveen taps e Vynsty — (Vean) 4 MI 2 40.2 MI. 
RECOMMENDED OPERATING CONDITIONS 
Temperature ).— Min. lo Max. I Suppiy Voltage Limits 
Commercial lec EI) X9CMME 5V 4 1096 
Industrial oc — Tl. 4850C gia 
Military -B5-C lo 41250C 
3063 PGM T03 
STANDARD PARTS 
Part Number Maximum Resistance Vviper increments El Minimum Resistance 
X9C102 1 RQ I 10.1Q 40Q 
X9C103 I 10 RQ 1019 40Q 
X9C503 I 50 RQ 505Q 40Q 
X9C104 I 100 RQ 10109 Li 40Q 


Notes: (4) Typical values are for TA 2 259C and nominal suppiy voltage. 
(8) This parameter is periodically sampled and not 10086 tested. 


3863 PGM T08 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless othenvise specitied.) 


Parameter 
Vec Active Current 


Lo Test Conditions 
CS a Viu, U/D m Vi, Of Viy and 
INC 2 0.4V to 2.4V E max. toyc 
CS z Veç — 0.8V, U/D and INC 
GND or Veç — 0.3V 


Standby Suppiy Current 


lu CS, INC, U/D Input Viy s OV to Vec 
Learage Current 

Viu (GS, INC, U/D Input dl 
High Voltage 

Vi Oi CS. NC, UD Input mi g 
Lovv Voltage 


Ryv VViper Resistence Q Max. VViper Current timA 
VyH VH Terminal Voltage -5 V 
VyL VL. Terminal Voltage T 5 V 
Civ6) Í CS, INC, U/D Input El PF Í Vec s 5.0, Viy a OV, 
L. Capacitance Ta m 250C, fm 1 MHZ 
del 3863 PGM Tos, 
A.C. CONDITIONS OF TEST MODE SELECTION 


QV to 3.0V 
1Ons 


Input Pulse Levels 
Input Rise and Fall Times 
input Reference Levels 


3003 PGM T08 


No Store, Return to 
Standby 
3863 PGM T08 


A.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless othenvise specitied) 


L Symbol Parameter Min. 
te CS to INC Setup 100 
to INC High to U/O Change Ep 100 ibs,, ns 
tDI U/D to INÇC Setup 29 us J 
ti INC Lovv Period see) ls Ll 
tg INC High Period Les, 1 as us 
tec INC Inactive to CS Inactive 1 us 
CP CS Desslect Time — DES ms 
tv INC to Vyv Change To 100 cus 500 us 
teyc INC Cycle Time 2 din dl Hs 
Lta te) INC Input Rise and Fall Time 500 us 
tpg(7) Povver up to VViper Stable É 500 us 
Up Vec) Veç Rise Time L'9s — Vius 
3963 PGM Tor 
A.C. Timing — 


0) 


3863 FHD FO03 


Notes: (6) Typical values are for T, z 25"C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 10024 tested. 
(8) Mlinthe A C timina diagram refers to the minimum incremental change in the V autout due to a chanoa in tha vvinar nasition 


Typical Frequency Response for X9C102 POTENCIÒMETRE DIGITAL - 5 


Egetmen 
$ TEST CONDITIONS 
6 Vec 2 5.0V 
Temp. z Room 
sò Vliper E Tap 50 
8 Ç Vu s 0.5V RMS 
z Normalized (0 dB ED 1RHz) 
6 3 Test Circuit 41 
8 
i 
3-9 
L 
Q-12 
5 
-18 
-21 
0.01 0.10 1.00 10.00 100.00 1000.00 10000.00 
FREQUENCY IN XHz 
Ll) 
Typical Total Harmonic Distortion tor X9C102 
20 : 
18 TEST CONDITIONS 
Veç 2 5.0V 
16 Temp. s Room 
14 Viiper EÈ Tap 50 
À Vi a 2V RMS 
12 Test Circuit 441 
Èno 
o 
É 0.8 
0.6 
0.4 
02 
0.0 q 4 
001 0.10 100 10.00 100,00 1000.00 10000.00 
FREQUENCY IN XHz 


Typical Linearity for X9C102 


TEST CONDITIONS 
Vec 2 5.0V 

Temp. z Room 

Test Circuit 4/2 


vacances - ABSOLUTE 
cames RELATIVE 


PERCENTAGE ERROR 


0 10 20 30 40 50 60 70 80 90 100 
VVIPER POSITION 


CADENA DE MESURA DIGITAL. - 6 
Typical Frequency Response for X9C103 


Fr 
9 
6 TEST CONDITIONS 
Vec 2 5.0V 
3 Temp. x Room 
Q Vviper E Tap 50 
ZP Vu 2 0.5V RMS 
83 Normalized (0 dB E 1RHz) 
a Test Circuit 41 
N — 
2 
$- 
ó 
9-2 
-15 
-18 
1 
DO 0.10 1.00 10.00. 100,00. 1000.00 
FREQUENCY IN RHz 
Typlcal Total Harmonic Distortion tor X9C103 
Le 
80 TEST CONDITIONS 
18 Vec 8 5.0V 
Temp. m Room 
16 Vviper E Tap 50 
ja Vi a 2V AMS 
Test Circuit 441 
12 
Éno 
o 
É 08 
0.6 
0.4 
0.2 
0.0 
001 0.10 100 10.00 100.090 1000.00 
FREQUENCY IN XHz 
Typical Linearity tor X9C103 
TEST CONDITIONS 
Veç 8 5.0V 
Temp. m Room 
Test Circuit 42 
L 
9 
L3 
cc 
i 
Li XEY: 
i 2 UR RA eep ep OO qrerert x ABSOLUTE 
i z ame mx RELATIVE 
2 
Lu 
a 


Typical Frequency Response tor X9C503 POTENCI TRES TRES er dE 


TEST CONDITIONS 

Vec 2 5.0V 

Temp. z Room 

VViper E Tap 50 

Vins 0.5V RMS 

Normalized (0 dB E 1 RHz) 
Test Circuit 41 


NORMALIZED GAIN (dB) 


0.01 0.10 1.00 10.00 100.00.— 1000.00 
FREQUENCY IN Hz 


Typical Total Harmonic Distortion for X9C503 


TEST CONDITIONS 
Vec 2 5.0V 

Temp. z Room 
Vviper E Tap 50 

Vi 3 2V RMS 

Test Circuit 441 


0.01 0.10 1.00 10.00. 100.00 1000.00 


FREQUENCY IN RHz 
Typical Linearity tor X9C503 


5 


TEST CONDITIONS 
8 Vec a 5.0V 
Temp. 2 Room 
6 Test Circuit 42 
5 4 
E 
E: 2 
8 o 
€ 
G 2 s RELATIVE 
5) 
o 4 
a. 
-6 
-8 
-10 


Q 10 20 30 40 50 60 70 80 90 100 
VVIPER POSITION 
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Typical Frequency Response tor X9C104 


NORMALIZED GAIN (dB) 


FREQUENCY IN (Hz 


Typical Total Harmonic Distortion for X9C104 


TEST CONDITIONS 


Vi te 05V RMS 
Normalized (0 dB E 1 RH) 
Test Circuit 41 


FREQUENCY IN RHz 


TEST CONDITIONS 


VViper E Tap 50 
Vius 2V RMS 
Test Circuit 41 


Typical Linearity for X9C104 


PERCENTAGE ERROR 


Q 10 20 30 40 50 60 70 80 90 100 
VVIPER POSITION 


TEST GONDITIONS 
Vec € 5.0V 

Temp. z Room 

Test Circuit 42 


2 ABSOLUTE 


s RELATIVE 
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National 
Semiconductor 
Corporation 


MICRO-DACTM DAC1208, DAC1209, DAC 1210, DAC1230, 
DAC1231, DAC 1232 12-Bit, uP Compatible, 
Double-Buffered D to A Converters 


General Description 


The DAC 1208 and the DAC 1230 series are 12-bit multiply- 
ing D to A converters designed to intertace directiy vith a 
vide variety ol microprocessors (8080, 8048, 8085, Z-80, 
etc.). Double bultering input registers and associated con- 
trol lines allovv these DACs to appear as a tvvo-byte "stach'" 
in the system's memory or i/O space vith no additional in- 
tertacing logic required. 

The DAC 1208 series provides all 12 input lines to allove sin- 
gle bullering for maximum throughput vhen used veith 16-bit 
processors. These input lines can also be externally contig- 
ured to permit an 8-bit data intertace. The DAC 1230 series 
can be used vvith an 8-bil data bus directiy as it internally 
tormulates the 12-bit DAC data (rom its 8 input lines. All of 
these DACs accept lelt-justilied data from the processor. 
The analog section is a precision silicon-chromium (Si-Cr) 
R-2R ladder netvort and tvelve CMOS current svitches. 
An inverted R-2R ladder structure is used vvith the binary 
vveighled currents svitched batveen the louri and lour2 
maintaining a constant current in each ladder leg indepen- 
dent of the svitch state. Special circuitry provides TTL logic 
input voltage tevel compatibility. 

The DAC1208 series and DAC1230 series are the 12-bit 
members ot a tamily ol microprocessor compatible DACS 
(MICRO-DACS'M). For applications requiring other resolu- 
tions, the DAC1000 series for 10-bit and DAC0830 series 
(ot B-bit are available alternatives. 


Features 

es Linearity specified vvith zero and lull-scale adjust onty 

m3 Direct intertace to all popular microprocessors 

te Double-bultered, single-bultered or flovv through digital 
data inputs 

8 Logic inputs vvhich meet TTL voltage level specs (1.4V 
logic threshold) 

BB VVorts vvith £ 1OV referonce—full 4-quadrant 
multiplication 

a Operates stand-alone (vithout uP) if desired 

All parts guaranteed 12-bit monotonic 

mM DAC1230 series is pin compatible vvith the DAC0830 
series B-bit MICRO-DACs 


Rey Specifications 
ts Current Settling Time 
us Resolution 
m Linearity (Guaranteed 
over temperature) 
ms Gain Tempco 
8 Love Pover Dissipation 
ms Singie Povver Supply 


ius 
12 Bits 


10, 11, or 12 Bits ot FS 
1.3 ppm/'C 

20 mVV 

5 Voc to 15 Voc 


Typical Application 


CONTROL BUS 
Li 


MICRO OAC TM 
20 Pins, 


sen 
FULL SCALE 
AQJUST 


Vout 


Q—O 14V 
nn 

2tR0 
ADJUST 


T1/M/5690- 1 
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Absolute Maximum Ratings 


it Military/Aerospace specilled devices are required, 


contact the National Semiconductor Sales Oftice/ 
Distributore for avallability and specitications. 
(Notes 1 and 2) 
Supply Voltage (Vcc) 17 Voc 
Voltage at Any Digital Input Vec to GND 
Voltage at Vagr Input 4 25V 
Storage Temperature Range —65'C to 4 150'C 
Pacirage Dissipation at Ta " 25'C S0Q MV 
(Note 3) 
DC Voltage Applied to loyri or lOuT2 
(Note 4) — 100 mV to Vec 
ESO Susceptability B00V 


Electrical Characteristics 


VREr — 10.000 Voc, Vec " 11.4 Voç to 15.75 Voc unless othenvise noted. Boldiace limits appiy trom Ti to Tmax (see 
Note 13), all other limits Ta — Ty —. 25'C. 


Operating Conditions 

Lead Temperature (Soldering, 10 seconds) 

Temperature Range 
DAC1208LCJ, DAC 1 209LCJ, 
DAC1210LCJ, DAC 1230LCJ, 
DAC1231LCJ, DAC 1232LCJ 
DAC1208LCJ-t, DAC1209LCJ-1, 
DAC1210LCJ-1, DAC1230LCJ-1, 
DAC1231LCJ-1, DAC 1232LCJ-1 

Range of Vec 

Voltage at Any Digital Input 


300C 
TuiN S TA S TMAX 


—40'C s Ta s t85'C 


O'C s Ta S t70'C 
4.15 Voc to 16 Voc 
Vec to GND 


Tested Design 
Parameter Conditions Notes Et Bé A P0) Lo Esie Leme) : Units 
ote ol 
Linearity Error Zero and Full-Scale 4,7, ee r—l— 
(End Point Linearity) Adjusted 
DAC 1208, DAC 1230 Se 0t FSR 
DAC1209, DAC1231 Se ol FSR 
DAC1210, DAC1232 90 0t FSR 
Ditferential Non-Linearity Zero and Full-Scale 4,7, 13 
Adjusted Í 
DAC1208, DAC 1230 9 Of dè 
DAC1209, DAC1231 a ol EE 
DAC1210, DAC 1232 o Of 
Monotonicity 4 Bits 
Gain Error (Min) Using internal Rep 7 he ol FSR 
Gain Error (Max) Vret FE 10V, £1V L 7 3 4 ot FSR 
Gain Error Tempco 7 113 16.0 ppm ot FS/'C 
Poveer Supply Rejection All Digital inputs 7 430 430 ppm ol FSR/V 
Latched High sl 
Reterence Input Resistance (Min) 43 15 10 10 en 
Reterence input Resistance (Max) lu 1 15 20 20 
Qutput Feedthrough Error Ver — 20 Vp-p, fs 100 hHz 
All Data inputs Latched 9 3.0 mVp-p 
Lov 
T El FI 
Output Capacitance All Data inputs louTi 200 RE 
Latched High. — lOuT2 70 a 
All Data inputs louTi 70 El 
Latched Lov.— lOUT2 al 200 pi 
—Supply Current Drainn 13 I 20 2.5 mA 
Output Learage Current i 
louTr1 i All Data inputs Latched 11,13 0.1 15 15 nA 
i Lovv 
IQuT2 All Data inputs Latched 11,13 0.1 15 15 nA 
El High cs h i i dl 
Ogital Input Threshold i Lovv Threshold po13 i 0.8 0.8 Voc 
4 High Threshold 13 i J 2.2 2.2 ls Voc 
Digital input Currents Digital inputs 7 O 8V i 13 —200 —200 poe 
Digital Inputs 2 2 2V 19 LL 10 10 uADC 
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Electrical Characteristics (Continued) 


VREF F 10000 Voç. Vec — 114 Voc to 15.75 Vpc unless othenvise noted. Boldiace limits appiy from Tu to Tmax (seo 
Note 13): all other limits Ta € Tg s 25'C. 


xi / 


Symbot Parameter Conditions 
L 


Tested 
Llmit 
(Note 5) 


AC CHARACTERISTICS 


Current Settinç Time 


Vvrite and XFER Vi € 
Pulse VVidth Min. 


tos Data Setup Time Min. Vi. 
OH Data Hold Time Min. Vi 5 OV, Vip 5 5V 
— 


tes Control Setup Time Min. Viu S OV, Vig s 5V 


Les 

(CH Control Hold Time Min Vius OV, Vip s SV 
ss Es 

Note 1: Absolute Marmum Raungs indicate himits boyond vhich damage to the devica may occur. DC 

tho device beyond is spectied operating conditjons 

Note 2: All voltages org mensured mth respect to GND, uniess othermse spacitied 

Note 3: This 500 myY specification applies lor alt pachages. The love intnn: 

the pover dissipation) removes concern for heat sintung. 

Noto 4: Both tour, and loyr2 Must go to ground or the virtual ground ot an operationat amptitier. Tha linganty error 19 degraded by appromxmatety Vos 7 VRgr. For 

example, it VagF 7 10V then a t mV ollset, Vos. 0n loyrs or loyr2 vell introduce an additional 0.01 96 linganty etror, 

Note 5: Tosteó and guaranteed to National's ACQL (Averaga Outgoimg Quality Level). 


Note 6: Design limits are guaranteed but not 10096 tested. These limits are not used lo calcutate outgoing quality tevels. Guarenteed for Voc m. 11.4V to 15.75V 
and Vagr 7 — 10V to t 1QV. 


Note 7: The umt FSA stands for fult-scale range. Lineanty Error and Povver Suppty Rejection specs are based on this unit to oliminata dependence on a parucutar 
VaeF value to indicate the true performance ot the part. The Linearity Error specification ot tha DAC1208 ls 001294 ot FSA(man). This guarantees that after 
performing a zero and lull-scale adjustment, the plot ot the 4096 analog voltago outputs vall each ba mitun 0 01296 x VaEr Ot a straight line vhich passes through 
2610 and (ull-scate. The unt ppm ol FSR(parts pet milion of full-scale tange) and ppm ot F S(parts per milion ot full-scale) are used for convenience to define specs 
ot very small percentage valves, typical ot higher accuracy converters. In this instance, 1 PPM Of FSA - Vagr/108 i8 the conversion factor to provide an actual 
Output vollage quantity For example, the garn error tempco spec ol t 6 ppm ot FS/"C represents 8 vorst-case lull-scale gain error chango mih temperature from 
7 40C to 1 85'C ot t (B(Vner/ 106)(125'C) or 1075 (10-29 Vaer Vituch is £ 007594 ot Vagr 


Moto 8: This spec implies that all parts are guaranteed to operate mith a verte pulse or transter putse vadih (hyy) ol 320 ns. A typical part vall oporate vith tyy Of Onty 
100 ns. The entre vmte pulse must oscur ethin the valid data interval (or the specilied tyv. OS. tom and ts to appiy 


Note 9: To achiove this tovr faedihrough in the D pachage, the user must ground the metal lid I the Uid 19 lolt lloating the teeditrough is typically 8 mv. 
Note 10: Typicals are at 25'C and represont the most tioly parametric nom 

Note t1: A 10 nA leahage current mth RFy 7 20h and VaEF — 1OV corresponds lo 8 zero error ot (10 10 -9 r 20 x 102) v 10094 10V or 0.00296 ol FS 
Note 12: Human body model, 100 pF discharged through a 1.5 Ri resistor. 

Note 13: Tested limit for - t sullix parts applies only at 25'C. 


Connection Diagrams 


and AC electncal specitications do not appty ven operating 


SIC povver dissipation of tius part (and the tact that there ig no vvay to signilicantiy modity 


Dual-in-Line Pachage Dual-in-Line Pactage 
ell la Vec 
am Ll EE ori at art A riEi 
quo L ns del 
Ral Lina qua 
sc CE 
dacins LI LS 01041 
o Meu LE meu 
daca daca oiani 
Non 
, antoni 
on 
i ERC au mtar ton: 
LS LU our 
'qun tour 
t9r via 
'quri 
tora TL/H/5690-2 


See Ordering Intormation 
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Svvitching VYaveforms 
Ci. vie Ubvtei 
Ll 
DATA BITS 
tour tgurz SETTLEO TO 
dd TL/H/5690 -9 
Typical Performance Characteristics 
Digital Input Threshold Digital input Threshold vs Galn and Linearity Error 
vs Vcc Temperature Varlation vs Temperature 
Ll 
Vec" HS Voç 
È a 8 
2 El Es ms qe 5 
El 2 Ei 
Es E z 
El El 3 
3 El 3 
El 
39-15 528 66 06 05 228 -19 19 68 65 09 
Vec - SUPPLV VOLTAGE (VI Ta - AMBIENT TEMPERATURE CC) Ta — AMBIENT TEMPERATURE CC) 
Gain and Linearity Error 
Variation vs Supply Voltage Control Set-Up Time, tcs Data Hold Time, tom 
Ei Van 1 OV Vin 1 0V 
3 L Viu 2 2V TO $V El Vinga 1 2V TO $V 
z El - 
El a 3 
El El El 
z h El 
El El € 
El z El 
Es 5 R 
va 6 x 
El 
38 .15 5 2505 65 05 225-468 28 65 68 85 
Vec : SUPPLY VOLTAGE (Vaci Ta - AMBIENT TEMPERATURE CC1 Ta - AMBIENT TEMPERATURE (CI 
VVrite Pulse VVidth, tyy Data Set-Up Time, tos 
Vi se 
s00 Bo 500 Eva: DV TO SV ES 
I : 5 ti 
i x 600 en are esca l Eq pes el — 
El 5 do 4 
. Bo qgg deede a —a ea —ééa ere 4 z Mo l— i - 
3 l I 1 
16 Less no VE — 4 3 0 
z ' 
j tog j 8 n0 


208 SS 28 ES 85 65 
Ta - AMBIENT TEMPERATURE CC) 


CNS ASS 2805 865 6 
Tap - MABIENT TEMPERATURE co 


TL/H/5690 -4 
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Definition of Pacxage Pinouts 
CONTROL SIGNALS (all control signals are tevel actuated) 
CS: Chip Select (active love). The CS mill enable VRÍ. 
VR 1: Vvrite 1. The active love VVRÍ is used to load the digital 
data bits (DI) into the input latch. The data in the input lateh 
is latched vhen VVRT is high. The 12-bit input latch is split 
into tvo latches. One holds the first 8 bits, vehile the other 
holds 4 bits. The Byte 1/Byt6 2 control pin is used to select 
both latches vhen Byte 1/8Byte 2 is high or to oververite the 
4-bit input latch vhen in the lovv state. 

Byte 1/Byte 2: Byte Sequence Control. Vyhen this control is 
high, all 12 locations of the input latch are enabled. VVhen 
love, only the four least significant locations of the input latch 
are enabled. 

2: Vvrite 2 (active lo). The IVR2 vvill enable XFER. 
XFER: Transter Control Signal (active lovr). This signal, in 
combination vvith VVR2, causes the 12-bit data vhich is 
available in the input latches to transfer to the DAC register. 
Dig to Di44: Digital inputs. Dig is the least significant digital 
input (LSB) and Diya is the most significant digital input 
(MSB). 
loura: DAC Current Output 1. loyri is a maximum lor a 
digital code of all ts in the DAC register, and is zero for all 
Os in the DAC register. 
lour2: DAC Current Output 2. loyr2 is a constant minus 
louri. or louri t loyra — constant (lor a tixed reference 
voltage). This constant current is 


1 

VREr X ( - mu) 
divided by the reference input resistance. 
Rep: Feedbactç Resistor. The feedbact resistor is provided 
on the IC chip (or use as the shunt feedbact resistor tor the 
external op amp vehich is used to provide an output voltage 
tor the DAC. This on-chip resistor should alvvays ba used 
(not an external resistor) since it matches the resistors in 
the on-chip R-2R ladder and tracxs these resistors over 
temperature. 
VaEr: Reterence Voltage Input. This input connects an ex- 
ternal precision voltage source to the internal R-2R ladder. 
VREF Can be selected over the range ot 10V to — 10V. This 
is also the analog voltage input for a 4-quadrant multiptying 
DAC application. 
Vec: Digital Supply Voltage. This is the povver supply pin for 
the part. Voç can be from 5 Voçc to 15 Voc. Operation is 
optimurm for 15 Voc 
GND: Pins 3 and 12 ot the DAC1208, DAC1209, and 
DAC1210 must be connected to ground. Pins 3 and 10 of 


Ú 
Ú 


actuat 


04 dutrur 


10€ AL at sronst 


DIGITAL MPyT 


a) End Point Test After Zero 
and FS Adjust 


the DAC 1230, DAC1231, and DAC1232 must ba connocted 
to ground. It is important that loyr, and Laura sia at ground 


potential lor current svitching applications. Àny dillerence 
ot potential (Vos on these pins) vii result in a lineariy 
change ol 
Vos 
3 VaEr 


For example, il Vagr — 10V and these grounó pins aro 9 
MV ollset rom loyry and loyr,. the linearity change vil be 
0.0396. 


Definition of Terms 
Resolutlon: Resolution is defined as the reciprocal ol the 
number of discrete steps in the DAC output. It is directiy 
related to the number of svvitches or bits vvithin the DAC. For 
example, the DAC 1208 has 212 or 4096 steps and therefore 
has 12-bit resolution. 
Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints ol (he 
DAC transfer characteristic. It is measured after agjusting 
(or zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted, 
National's linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated belomv. The best 
straight line (b) requires a special zero and FS adjustment 
tor each part, vehich is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad. 
justment procedure and is a much more stringent test for 
DAC linearity. 
Povrer Suppiy Seneltivity: Pover suppiy sensitivity is a 
measure ol the eftect of pover suppiy changes on the DAC 
full-scale output. 
Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required rom a code transition until the DAC 
output reaches mithin £ /, LSB ol the final output valve. 
Full-Scale Error: Full-scale error is a measure of the output 
error betvveen an ideal DAC and the actual device output. 
Ideally, for the DAC1208 or DAC1230 series, tull-scale is 
VaEr — 1 LSB. For VagF — 10V and unipolar operation, 
VFULL-SCALE — 10.0000V — 2.44 mV 5 9 9976V. Full-scale 
error is adjustable to zero, 
Difíerential Non-Linearity: The ditlerence betveen any 
tvvo consecutive codes in the transter curve from the thgo- 
retical 1 LSB is differential non-linearity. 
Monotonic: if the output of a OAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
vhich i6 monotonic to 12 bits simply means that input in- 
creasing digital input codes vvill produce an increasing ana- 
log output. 


VA 150 EARÇA CANO 


actum 


ARALOC OUTPUT 


DIGITAL PyT 


TL/H/5690-5 
b) Shitting FS Adjuat to Pasg 
Best Straight Line Test 
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Application Hints 


1.0 DIGITAL INTERFACE 


These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct intertace to a vvide 
variety ot microprocessor systems. The tUming and logic lev- 
el convention ol tha input control signals allove the DACs to 
be treated as a typical memory device or 1/O paripheral vith 
no external logic required in most Systems. Essentially 
these DACs can be mapped as a tvro-byte stacle in memory 
(or 1/O space) to receive their 12 bits of input data in tvo 
successive 8-bit data veriting sequences. The DAC 1230 se- 
ries is intended tor use in Systems vith an 8-bit data bus. 
The DAC 1208 series provides all 12 digital input lines vvhich 
can be externally configured to be controlled from an 8-bit 
bus or can be driven directiy from a 16-bit data bus. 


On 08801 
oh9 

LI 

on 

o, 

o 

os 

Ot 


All ot the digital inputs to these DACs contein a unique 
threshold regulator circuit to maintain TTL voltage level 
compatibility independent ot the applied Veç to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels in non-microprocessor based systems. To pre- 
vent damage to the chip rom static discharge, all unused 
digital inputs should be tied to Vec or ground. As a trouble- 
shooting aid, if any digital input is inadvertentiy teft tloating, 
the DAC veill interpret the pin as a logic "1". 

Double bullered digital inputs allovv the DAC to internalty 
tormat the 12-bit vvord used to set the current svitching R. 
2R ladder netvori (see section 2.0) from tvo 8-bit data 
vita cycles. Figures 1 and 2 shov the internal data regis- 
ters and their controlling logic circuitry. The timing diagrams 
for updating the DAC output are shovvn in sections 1.1, 1.2 
and 1.3 tor three possible control modes. The method used 
depends strictiy upon the particutar application, 


t20ur 
var mu vine 
in LI 


0ac 
REGISTER CORVIATEA 


Vec 
cu0 
que 


VVhen LE m 1, Q outputs follov D Inputa 
Vinen LE m 0, Q outputs aro latcheó 


Di q M450) (04) a 0 o I m58 VaEr 
ongton) 0 et 0 Ll 3 
FE tava 
" 
LU an a Ll Ll I tour 
04 tat 9 0 LJ 
hi i i Ri — Mat 
04 0 RC) MUL TPI vIÇ 
Un a 0 àrees mes En LE 
MEGISTER Q oi CONVERTEA nn 
Es a És 
vi 
Ll ES 
3 euo 
a un 
q 
BrIE art O () Pit 
cs : O 
Le TI) Ç 
Vvhen LE z 1, Q outputs toltov D inputs 
crisi x 
P, VVhen LE z O. Q outpuls are latched 
ul S 
TL/M/5690-6 


FIGURE 2. DAC 1230, DAC 1231, DAC 1232 Functional Diagram 
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Application Hints (Continueg) 


1.1 Automatic Transter 


The 12:bit DAC vvord is autom 
the data) occurs. 


atically transterred to the DAC register and the R-2A ladder vhen the second verite (the 4 LSB8 ol 


P as ee 
cucs COM 


QVIE 1/BVYET 
AN0 RVER 
ANALOG QUFPUT 
Vepateo 
ANALOG QUTPUT 
AI AN0 FAI LATCHEO 


TiMPUT 
LATCH (4 BE INPUT 
LATCH ALSO CHANGEOL 


OVERVRITE THE 4 QUT 
NPUT LATGH ANO TRANSFER 
ALL 12 0178 10 TME O/A 


TL/M/5690-.7 
1.2 Independent Processor Transter Control 


In this case a separate address is decoded to provide the XFER 
vvord but not change the analog Output until some time later, m 
system vere their XFER lines vould be tied together. 
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XFER 


signal. This allovvs the processor to load the next required DAC 
ost useful for the simultaneous updating of several DACs in a 
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1.3 Transter via an External Strobe 


This method is basically the same as the Previous operatlion except the XFER signal ls provided by a device other than the 
processor. This allovvs the DAC to hold the code lor a conditional analog output signal vhich vvill be required on demand from an 
external monitoring device (an analog voltage comparator for instance). 
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Application Hints (conunued) 


1.4 Lelt-Justilied Data Format 

it is important to realize. that the input registers ol these 
OACs are arranged to accept a lelt-justitled data vvord from 
the microprocessor mth the most significant 8 bits coming 
tirst (Byte 1) and the lover 4 bits second. Lelt justitication 
simpiy means that the binary point is assumed to be located 
to the lelt of the most significant bit. £ gure 3 shovs hom the 
12 bils of DAC data should be arranged in 2 8-bit registers 
ot an B-bit processor belore being vrritten to he DAC. 


f— ovtE EES EN LO OVTE —el 


avre lt 
11/H/5690: 10 
X 7 don't care 
FIGURE 3. Lelt-Justifled Data Format 


1.5 16-Bit Data Bus Intertace 
The DAC1208 series provides all 12 digital input lines to 
permit a direct parallel intertace to a 16-bit data bus. In this 
instance, double buffering is not alvvays necessary (uniess a 
simultaneous updating of several DACs or a data transter 
via an external strobe is desired) so the 12-bit DAC register 
can be vired to llovv-through vhereby its Q c'utputs alvays 
rellect the state of its D inputs. The external connections 
required and the timing diagram for this single bullered ap- 
plication are shoven in Figure 4. Note that either lelt or right- 
justified data (rom the processor Can be accommodated 
vvith a 16-bit data bus. 


1.6 Flovr-Through Operation 

Through primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DACs can easily be config- 
ured to allov the analog output to continuousiy rellect the 
state of an applied digital input. This is most useful in appli- 
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ER 
6-Bit Data Bus Intertace for the DAC 1208 Serles 
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Application Hints (Conunued, 
cations vere the DAC is used in a continuous teedbacie 
controt loop and is driven by a binary up/doven counter, or in 
(unction generation circuits vehere a ROM is continuousiy 
providing DAC data. 

Oniy the DAC 1208, DAC 1209, DAC 1210 devices can have 
all 12 inputs flovr-through. Simply grounding CS, VR 1, VR 2 
and XFER anó tying Byte 1/Byie 2 high allovrs both internal 
registers to lollovv (he applied digital inputs (flove-through) 
and directiy altect the DAC analog output. 


1.7 Address Decoding Tips 

ttis possible to map the MICRO-DACs into system ROM 
space to allovy more eflicient use of existing address decod- 
ing hardvvare. The DAC in ellect can share the same ad- 
dresses ot any number ot ROM locations. The ROM outputs 
veill onty be enabled by a READ of its address (gated by the 
system READ strobe) and the DAC vill only accept data 
that is veritlen to the same address (gated by Ihe system 
VVRITE strobe). 

The Byte 1/Byi6 2 control function can easily be generated 
by the processor's least significant address bit (AO) by plac- 
ing the DAC at tvvo consecutive address locations and utiliz- 
ing double-byte VVRITE instructions vehich automatically in- 
crement or decrement the address. The CS and XFER sig- 
nals can then be decoded from the remaining address bits. 
Care must be tahen in selecting the actual address used 
for Byte 1 ol the DAC to prevent a carry (as a result ot 


incrementing the address (or Byte 2) (rom propagating 
through the address vvord and changing any ot the bits de- 
coded lor CS or XFER. Figure 5 shovs hon to prevent this 
ellect. 

The same problem can occur from a borrove ven an auto: 
decremented address is used: but only if the processors 
address outputs are inverted belore being decoded. 


1.8 Control Signal Timing 

Vvhen interfacing these MICRO-DACS to any microproces- 
sor, there are tvro important time relationships that must be 
considered to insure proper operation. The first is (he mini- 
mum VVR strobe pulse vridth vhich is specified a9 320 ns for 
Vec 5 11.4V lo 15.75V and operation over temperature, but 
typically a pulse vvidih ot only 250 ns is adequate. A second 
consideration is that the guaranteed minimum data hold 
time ol 90 ns shouid be met or erroneous data can be 
tatehed. This hold time is defined as the length ot time data 
must be held valid on the digital inputs 2/6r a qualitied (via 
CS) VA strobe mahes a lov to high transition to tatch the 
applied data. 

If the controlling device or system does not inherentiy meet 
these timing specs the DAC can be treated as a slovv mem. 
ory or peripheral and utilize a technique to extend the verite 
strobe. A simple extension of the vvrite time, by adding a 
veait State, can simultaneousiy hold the vvrite strobe active 
and data valid on the bus to satisty the minimum VVR pulse 
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FIGURE 6. Accommodating a High Speed System 


CADENA DE MESURA DIGITAL — 10 


Application Hints (Conunved) 

vvidth. 1f this does not provide a sulticient data hold time at 
the end ol the vvrita cycle, a negative edge triggered one- 
shot can be included betveen the system vrite strobe and 
the VVR pin ot the DAC. This is illustrated in Figure 6 tor an 
exemplary system vhich provides a 250 ns VVA strobe time 
vvith a data hold time of oniy 10 ns. 


The proper data set-up time prior to the latching edge (lovr 
to high transition) of the IVA strobe, is insured il the VA 
pulse vvidih is vvithin spec and the data is valid on the bus for 
the duration ot the DAC VR strobe. 


1.9 Digital Signal Feedthrough 


A typical microprocessor is a tremendous potential source 
of high frequency noise mhich can be coupled to sensitive 
analog circuitry. The fast edges ot the data and address bus 
signals generate frequency components ot 10's ol mega- 
hertz and may cause last transients to appear at the DAC 
output, even vvhen data is tatched internally. 


in love trequency or DC applications, lovv pass filtering can 
reduce the magnitude ol any fast transients. This is most 


ES F ROM 
ADORESS 
OECODER 


system 

VA SIR09€ 
FER EROM 
ADORESS 
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ADORESS ET Q 
LOM FOR BVTE L 
MIGN FOR OVTE 2 


BVTE 
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easily accomplished by over-compensating the DAC output 
amplifier by increasing the value of its leedbaci capacitor. 


in applications requiring a tast output response from the 
DAC and op amp, filtering may not be feasible. In this event, 
digital signals can be completely isolated rom the OAC 
circuitry, by the use ol a OM74L8374 latch, until a valid 
CS signal is applied to update the DAC. This is shoven in 
Figure 7. 

A single TRI-STATE9 data buller such as the OM81LS95 
can be used to isolate any number ol DACs in a system. 
Figure 8 shovs this isolating circuitry and decoding hard- 
vvare for a multiple DAC analog output card. Pull-up resis- 
tors are used on the bufler outputs to limit the impedance at 
the DAC digital inputs vrhen the card ts not selected. A 
unique feature ol this card is that the DAC XFER strobes are 
controlled by the data bus. This allovvs a very llexible update 
of any combination ol analog outputs via a transter vvord 
vhich vrould contain a zero in the bit position assigned to 
any of the DACs required to change to a nevr output value. 


ANALOG 
QuIPuT 


14/H/5690:13 


FIGURE 7. Isolating Data Bus from DAC Clrcuitry to Eliminate Digital Noise Coupling 
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TEST CIRCUITS (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Fast Pulsed Reterence Operation 
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TYPICAL PERFORMANCE CHARACTERISTICS (Conunued) 
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TYPICAL APPLICATION 
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OPTIONAL RESISTOR 
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Pulsed Referenced Operation 


FUNCTIONAL DESCRIPTION 


Reference Amplitier Drive and 
Compensatlon 

The reference amplifier input current must 
alvays flovv into Pin 14 regardiess of the 
setup method or reterence suppiy voltage 
polanty. I 


Connections for a positive reference voltage 
are shovn in Figure 1. The reference voltage 
saurce supplies the full raference current. For 
bipolar reference signals, as in the multipiying 
mode, Ris can be tied to a negative voltage 
corresponding to the minimum input level. 
Ris may be eliminated veth only a small 
sacntice in accuracy and temperature drift. 


The compensation capacitor value mmust be 
increased as Ra value is increased. This is in 
order to maintain proper phase margin. For 
Ria values of 1.0, 2.5, and 5.0RS2, minimum 
capacitor values are 15, 37, and 75pF, re- 
spectively. The capacitor may be tied to 
either Veg Or ground, but using Veg increases 
negative suppiy rejection. (Fluctuations in the 
negative supply have more etfect on accura- 
cy than do any changes in the positive 
SUPPIy.) 


A negative reference voltage may be used if 
Ria iS grounded and the reterence voltage is 
applied to Ris as shovn. A high input imped- 
ance is the main advantage of this method. 
The negative reference voltage must be at 
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least 3.0V above the Ver Suppiy. Bipolar input 
signals may be handied by connecting R4a to 
a positive reference voltage equal to the pealç 
positive input level at Pin 15. 


Vvhen using a DC reference voltage, capaci- 
tive bypass to ground is recommended. The 
5.0V logic supply is not recommended as a 
reference voltage, but if a vell regulated 5.0V 
supply vvhich drives logic is to be used as the 
reterence, Ra shouid be formed of tvo 
series resistors vvith the junction of the tvvo 
resistors bypassed vvith O.1 UF to ground. For 
reference voltages greater than 5.0V, a clamp 
diode is recommended betveen Pin 14 and 
ground. 


if Pin 14 is driven by a high impedance such 
as a transistor current source, none of the 
above compensation methods applies and 
the amplifier must be heavily compensated, 
decreasing the overall bandviidth. 


Output Voltage Range 

The voltage at Pin 4 must alvvays be at least 
4.5V more positive than the voltage of the 
negative suppiy (Pin 3) vvhen the reference 
current is 2mA or less, and at least 8V more 
positive than the negative suppiy vvhen the 
reterence current is betveen 2mA and 4mA, 
This is necessary to avoid saturation of the 
output transistors, vvhich vvould cause serious 
accuracy degradation. 


OQutput Current Range 

Any time the full-scale current exceeds 2maA, 
the negative suppiy must be at least 8V more 
negative than the output voltage. This is due 
to the increased internal voltage drops be- 
tveen the negative Suppiy and the outputs 
vith higher reference currents. 


Accuracy 

Absolute accuracy is the measure of each 
Output current level vvith respect to its intend- 
ed value, and is dependent upon relative 
accuracy, full-scale accuracy and full-scale 
current drift. Relative accuracy is the measure 
of each output current level as a fraction of 
the full-scala current after zero-scale current 
has been nulled out. The relative accuracy of 
the DACO08 senes is essentially constant over 
the operating temperature range due to the 
excellent tamperature tracRing of the mono- 
lithic resistor ladder. The reference current 
may dnft vath temperature, causing a change 


in the absolute accuracy of Output Current. 
Hovvever, the DAC08 series has a very lov 
tull-scale current drift over the operating tem- 
perature range. 


The DACO8 series is guaranteed accurate to 
vithin £ Va LSB at 425"C at a full-scale 
Output current of 1.992mA. The relative accu- 
racy test circuit is shovn in Figure 1. The 12- 
bit converter is calibrated to a full-scale 
output current of 1.99219mA, then the 
DACO8 full-scale current is trimmed to the 
same value vvith Ri so that a zero value 
appears at the error amplifier Output. The 
counter is activated and the error band may 
be displayed on the oscilloscope, detected by 
comparators, or stored in a pealç detector. 


Tvvo 8-bit D-to-A converters may not be used 
to construct a 16-bit accurate D-to-A convert- 
er. 16-bit accuracy implies a total of £ Y2 part 
in 65,536, or £0.000769e, vvhich is much 
more accurate than the £ 0.1999 specitfication 
Of the DACO08 series. 


Monotonicity 

A monotonic converter is one vmhich alvays 
provides analog output greater than or equal 
to the preceding value for a corresponding 
increment in the digital input code. The 
DACOB series is monotonic for all values of 
reference current above 0.5mA. The recom- 
mended range for operation is a DC refer- 
ence current betveen 0.5mA and 4.0mA. 


Settling Time 

The vorst-case svvitching condition occurs 
vhen all bits are svitched on, vehich corre- 
Sponds to a love-to-high transition for all input 
bits. This time is typically 7Ons for settling to 
vithin Ya LSB for 8-bit accuracy. This time 
applies vhen R, € 50092 and Co € 25pF. The 
slovvest single svitch is the least significant 
bit, vvhich typicaliy tums .on and settles in 
65ns. In applications vhere the DAC func- 
tions in a positive-going ramp mode, the 
vvorst-case condition does not occur and 
settling times less than 7Ons may be realized. 


Extra care must be taven in board layout 
since this usually is the dominant factor in 
satisfactory test results vhen measuring set- 
tling time. Short leads, 100uF suppiy bypass- 
ing for love frequencies, minimum scope lead 
length, and avoidance of ground loops are all 
mandatory. 
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SETTLING TIME AND PROPAGATION DELAY 
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UNIPOLAR VOLTAGE OUTPUT FOR HIGH IMPEDANCE OUTPUT 
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BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 
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ANALOG 
DEVICES 


Complete 
12-Bit A/D Converters 


l ADG74B"/ADT74B" 


FUNCTIONAL BLOCR DIAGRAM 


FEATURES 

Complete Monolithic 12-Bit A/D Converters vvith 
Reference, Clocí, and Threo-State Output Buffers 

Industry Standard Pinout 

High Speed Upgrades for AD574A 

8- and 16-Bit Microprocessor Interface 

8 49 (max) Conversion Time (A07748) 

15 us (max) Conversion Time (A06748) 

25 V, 210 V, 0-10 V, 0-20 V Input Ranges 

Commercial, industrial and Military Tomperature 
Range Grades 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD674B and AD774B are complete l2-bit successive- 
approximation analog-to-digital converters vvith three-state 
output buffer circuitry for direct interface to 8- and 16-bit 
microprocessor busses. A high precision voltage reference and 
clocic are included on chip, and the circuit requires only povver 
supplies and control signals for operation. 


The AD674B and AD774B are pin compatible vvith the industry- 
standard AD574A, but olfer faster conversion time and bus- 
access speed than the AD574A and lover povver consumption. 
The AD674B converts in 15 us (maximum) and the AD774B 
converts in 8 ps (maximum). 


The monolithic design is implemented using Analog Devices' 
BiMOS II process alloving high performance bipolar analog cir- 
cuitry to be combined on the same die vith digital CMOS logic. 


Ofíset, linearity and scaling errors are minimized by active laser- 


trimming of thin-film resistors. 


Five different grades are available. The J and R grades are spec- 


ified for operation over the O"C to 470"C temperature range. 

The A and B grades are specified from —40"C to 485'C, the ju 
grade is specified from —55"C to 4 125"C. The J and R grades 
are available in a 28-pin plastic DIP or 28-lead SOIC. All other 


grades are available in a 28-pin hermetically sealed ceramic DIP. 


"Protected by US. Patent Nos. 4,250,445, 4,808,908: RE30586 


sOretay Or 
oc 


PRODUCT HIGHLIGHTS 


I. 


Industry Standard Pinout: The AD674B and AD774B utilize 
the pinout established by the industry standard AD574A. 


. Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
410 V and O to 120 V unipolar, —5 V to 45 V and —I0 V 
to 410 V bipolar. The AD674B and AD774B operate on 
£5 V and 412 V or £15 V pover supplies. 


. Flexible Digital Interface: On-chip multiple-mode three-state 
output buffers and interface logic allovv direct connection to 
most microprocessors. The 12 bits of output data can be read 
either as one 12-bit vvord or as tvro 8-bit bytes (one vvith 8 
data bits, the other vvith 4 data bits and 4 trailing zeros). 


. The internal reference is trimmed t0 10.00 yolts vith 190 
maximum error and 10 ppmfC typical temperature coeffi- 
cient. The reference is available externally and can drive up 
to 2.0 mA beyond the requirements of the converter and bi- 
polar offset resistors. 


5. The AD674B and AD774B are available in versions compli- 


ant svith MIL-STD-883. Refer to the Analog Devices Mili- 
tary Products Databool or current AD674B/AD774B/883B 
data sheet for detailed specifications. 
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ADG74B/AD774B —SPECIFICATIONS cr, to tag vi ve e 2159 t030r at a 9 


Vosic E 15 V £ 1096, Veg E —IS V £ 1099 or —12 V 2 59 unless othenaise indicated) 


Model (AD674B or AD774B) 


T 


RESOLUTION 


LINEARITY ERROR (1: 4 25"C 
Ten (0 Tmax 


DIFFERENTIAL LINEARITY ERROR 
(Minimum Resolution for V/hich No 
Missing Codes are Guaranteed) 


UNIPOLAR OFFSET' 4 25"C 


x2 22 
BIPOLAR OFFSET' G 4 25'C 1 26 83 
FULL-SCALE CALIBRATION ERROR': 1. 4250C 
(vith Fixed 50 Q) Resistor (rom REF OUT to REF IN) 01 0.25 0.t 0.125 
TEMPERATURE RANGE 0 4.70 0 470 
——— a da Da EE EN d ia 
TEMPERATURE DRIFT" 
(Using Internal Reference) 
Unipolar 2 el 
Bipolar Offset 12 el 
Full-Scale Calibration 16 1.2 
PONVER SUPPLY REJECTION 
Max Change in Full-Scale Calibration 
s 15 V £ 1.5 V or 12 V 2 0.6 V '2 sl 
Viome 3 5 V 2 0.5 V 22 22 
Veg € 715 V £ 1.5 V or —12 V £ 0.6 V 22 EI 
ANALOG INPUT 
Input Ranges 
Bipolar -5 15 -5 45 
-10 410 -10 .10 
Umpolar 0 10 0 4.10 
0 420 0 420 
Input Impedance 
10 Volt Span 3 $ 7, 3 $ 7 
20 Volt Span 6 10 14 6 10 14 
POV/ER SUPPLIES i 
Operaung Range 
VioGic 44.5 45.5 44.5 45.5 
Vec 11.4 116.5 111.4 416.5 
Ver 16.5 11.4 —16.5 11.4 
Operating Current 
Ui oGic 3.5 7 35 7 
ii: 35 L 3.5 7 
lec 10 14 t0 M 
x dm 
PONVER CONSUMPTION 220 375 220 375 
175 175 
INTERNAL REFERENCE VOLTAGE 9.9 10.0 10.1 lu 99 10.0 10.1 
Qutput Current i Available for External Loads) 2.0 2.0 
tExternal Load Should Not Change During the Conversion) I 
NOTES 
"Adiustable to rera 
Hneludes internal voltage reference error 
'Maximum change from - 25'C value t0 the value at Ta, 01 Tag 
"Tested vith REF QUT ued to REF IN through $0 OI resistor, V,e 7 916 5 V, Veg 6 5 Vi, Vins 7 SS V, and outputs im high-Z mode 
'Tested umih REF QUT tied to REF IN through 50 (l resistor, Veç 3t V, Ver 7 IV, Vice 7 5 V, and outputs in high-Z mode. 


Specificstions subiect to change vithout notice 


Specifications shoven in boldíace are tested on all devices at final electrical test at Tim: 
outgoing quality levels. All min and max specifications are guaranteed, although oniy those shovrn in boldíace are tested. 


1 DS'C, and T max, and results from Uiose tests are used (o calculate 


Lia 
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5 B Grade 
Mia Typ Max Min Tm 
12 1 
zl 
E31 
ed 
12 12 
Cas 
26 
DE 
0.1 0.25 0.1 
-40 485 —40 
:2 
2 
28 
22 
2v2 
2 
0) 45 -5 
-10 410 -10 
0 410 0 
0 20 0 
3 5 1 3 5 7 3 5) 7 in 
6 10 14 6 10 14 6 10 14 341 
4145 15.5 145 t5:5 414.5 45.5 Volts 
411.4 416.5 41.4 416.5 411.4 416.5 Volts 
-16.5 -N.4 —16.5 -N.4 -16.5 11.4 Volts 
35 qi 35 7 35 7 mA 
35 7 35 7 35 7 mA 
10 14 i 10 14 10 14 mA 
220 315 220 315 220 315 3 my" 
175 175 175 1 my 
9.9 10.0 10.1 9.9 10.0 10.1 9.9 10.0 10.1 Volts 
20 20 2.0 mA 
E Es ds 
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DIGITAL SPECIFICATIONS (for all grades Tea 10 Tag. VII Veg EA 1S V EE 1096 Of 412 V £ 596, Vigge E as Va 109, 


Vg EE IS V £ 109 or —12V £ 59) 


Test Conditions 


LOGIC INPUTS 

Vin High Level Input Voltage 42.0 Viocic 10.5 V vV 
Vi Lov Level Input Voltage -0.5 40.8 V 
LE) High Level Input Current -10 410 pA 
la. Lov Level Input Current -i0 410 uA 
Ci Input Capacitance 10 pF 
LOGIC OUTPUTS 

Von High Level Output Voltage 

Vou Lovr Level Output Voltage 

loz High-Z Leahage Current Vi € 0 to Vrogic 

Coz High-Z Output Capacitance 


SMVITCHING SPECIFICATIONS (tor all grades Tam LO Tray Mt Veg EE 415 V 8 1096 01 412 V 8 590, 


Viogic € ASV £ 1090, Veg E —15 V 8 1096 01 —12 V 3 596: Unioss uthorvise noted) 


CONVERTER START TIMING (Figure 1) 


Conversion Time 
8-Bit Cycle (AD674B) 
12-Bit Cycle (AD674B 
8-Bit Cycle (AD774B) 
12-Bit Cycle (AD774B) 

STS Detey from CE 


CE Pulse Vidih qe sr 

CS to CE Setup a 

CS Lom During CE High Ms 0811 - 089 

RE deia cat ns Figure 1. Convert Start Timing 
uring igh ns 

Ag to CE Setup 


Ag Valid During CE High 


— 5 Re 
J, MX. A, B Grades T Grade 
Parameter Mis Typ Mar Mia Typ Mes) Units Mo 
Access Time 
C, 7 100 pF 15 150 15 — 150 Ins srs 
Ll Ll 

Deto Valid Alter CE Love lo xi qi xi 0a 000 ON 
Qutput Float Delay te 150 150 (ns 

CS to CE Setup tssa 50 so ns Figure 2. Read Cycle Timing 

R/C to CE Setup tan 0 0 ns va 

Ag to CE Setup tGaR 50 so ns sis 

CS Valid After CE Lov./jInsa 0 0 ns 004 004 

R/C High After CE Lovr. j tuan 0 0 ns Ds 1009€ to099 

Ag Valid After CE Lou. liuan 150 150 ns t 1 P3 

h- igh- 

NOTES High-é to Logic 1.—High-Z to Logic O 
Hop 15 Mensured mh Le load carcuit of Figure 3a and is defined as Me ume required Figure 3a. Load Circuit for Access Time Test 
for an output to cross O 4 V or 24 V ió 

MC 10 T max 


"At — 40"C 


Es 
ei 004 
"Ar -SS'C P je8r 
Viu 18 defined as the ume required for he data lines to change Q $ V vrhen loaded mvih I 1096. 


the circuit o( Figure 3b 
Specificauons shov in boldíace are tested on all devices at final electrical test vith Logic I to High-Z2.—Logic O to High-Z 

morst case suppiy voltages at Tast 2S'C, and Tax: Results (rom those tests gre 4 

used to calculate outgoing qualty levels. All mun and max specificauon3 are guarantced, Figure 3b. Load Circuit for Output Float Delay Test 
although oniy those shovn in boldface are tested 


Specifications subject to chenge vithout notce. 
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TIMING —STAND-ALONE MODE (Figures 48 and 40) 


situ, (10- 


Data Access Time 
Lov R/C Pulse VVidih 
STS Delay from R/C. 
Data Valid After R/C Lov 
STS Delay After Data Valid 
High FVC Pulse VVideh — te ——— 


t 
Specifications subject to change vrithout notice. el La tron SI 


ABSOLUTE MAXIMUM RATINGS:t 


-- (pg 


878 


Let 


DATA VALIO 


Vec to Digital Common . . ..... 4... o... Le O to 416.5 V 
Vag to Digital Common . . . . . . . SE UR sp GRA O to —I6.5 V Figure 4a. Stand-Alone Mode Timing Lovv Pulse for R/C 
Vroorc to Digital Common . . . ....... 44. u ee Oto 47 V 
Analog Common to Digital Common . . . . . . . . . . . . . . slV 
Digital Inputs to Digital Common —. —0.5 V to Vyogic 10.5 V 
Analog inputs to Analog Common ... . .. .... . Veg to Vec 
20 Viu tO Andlog COmmon —. L. Lu aus 224 V 
REF QUT 90 uuàaa nin ua Indefinite Short to Common 
RR ES DES QAE IS P Momentary Short to Vec 
junction Temperature . . .. Lu v.a ua aa ana 4175"C 
Povrer Dissipation . . . . . . . 4... 444444 ua v Lee 825 mVV 
Lesd Temperature, Soldering . . .. . . . . .. . . . 300"C, 10 sec 
Storge Temperature LL. LL Lu L Luna —65"C to 4 1501C 


eStresses ebove thoce listed under "Abrolute Marimum Ratinga" may cause 
permanent damage to the device. This is a otress rating oniy and functional 
operativa of the device at ese or any otber conditions above those indicated 
in the operational vection o( Uns specification is not implied. Exposure to 
LerolutE marimum reting conditions for extended perioda may aflect device Figure 4b. Stand-Alone Mode Timing High Pulse for R/C 
retiability. 

CAUTION i a ats 4 : 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected, IVARNINGI: il 

hovrever, permanent damage may occur on unconnected devices subject to high energy electro- - ç 

static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 

shouid be discharged to the destination sociret before devices are inserted. 


ESO SEHSUTIVE OEVICE 


ORDERING GUIDE 


Conversion J INL Pachage Pachage 
Model" Temperature Time (max) i (Tan to Tmax) 1 Description Option" 
AD674BJN J O'Cto 4 70'C IS us 21 LSB Plastic DIP. ( N-28A 
AD674BRN J OC to 1 700C IS us 22 LSB Plastic DIP N-28A 
AD674BJR J OC to 4 790C IS us EL LSB Plastic SOIC j R-28 
AD674BRR j 0'C to 1 70'C Lis us s1/2 LSB Plastic SOIC 1 R-28 
AD6743BAD j —40C to 4 85"C I IS us 1 LSB Ceramic DIP J D-28A 
AD674BBD l —-30'C to 185'C. j 15 us 22 LSB Ceramic DIP J D-28A 
AD674BTD ji -$S'C to - 125'C vs us £l'ESB Ceramic DIP j D-28A 
AD774BJN j OC to 270C 18ps € lESB Plastic DIP N-28A 
AD774BRN l 0'C to 170'C l Bus 1/2 LSB Plasuc DIP N-28A 
ADIMBJR £ OC to 179 C sus lozl LSB L Plastic SOIC Í R-28 
ADT74BRR i OC to - 19 C TS us , 82 LSB i Plastic SOIC j R-28 
ADTMBAD  -40DC to SS CO Bus 11 LSB , Ceramic DIP j D-28A 
AD774BBD : 40 C to BS C Bus "2 LSB i Ceramic DIP j D-28A 
AD773BTD : -SS'C to : IES C 3. 8 us nes: I LSB E: Ceramic DIP j D-28A 
NOTES 


"For details on grade and pavlage ollerings sereened in accordance vvith MIL-STD-883, refer to the Analog 
Devices Militarv Products Databooh or current AD674B/AD773B/883B data sheet 
IN - Plastic DIP, D - Hermetic DIP, R - Plastic SOIC. For outline information sce Pachage information section. 
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DEFINITION OF SPECIFICATIONS 

LINEARITY ERROR 

Linearity error refers to he deviation of each individual code 
(rom a line draven (rom ''zero" through "full scaje. " The point 
used as "zero" occurs 1/2 LSB (1.22 mV (or 10 volt span) be- 
fore the first code transition (all zeroes to oniy the LSB "on"). 
"Full scale'" is defined as a level 1 1/2 LSB beyond the last code 
transition (to all ones). The deviation of a code from the true 


seraight line is measured (rom the middic of each particular 
code. 


The R, B, and T grades are guaranteed for maximum non- 
linearity of £ 1/2 LSB. For these grades, this means that an ana- 
log value vehich falls exactiy in the center of a given code vidth 
vvill result in Uhe correct digital output code. Values nearer he 
upper or lovrer transition of the code vvidih may produce the 
next upper or loxver digital output code. The J and A grades are 
guarantced to t1 LSB max error. For these grades, an analog 
value vhich falls vithin a given code vvideh vvill result in either 
the correct code for that region or cither adjacent one. 


Note that the linearity error is not user adjustable. 


DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification vrhich guarantees no missing codes requires that 
every code combination appear in a monotonic increasing se- 
quence as the analog input level is increased. Thus every code 
must have a finite vvideh, The AD674B and AD774B guarantee 
no missing codes to l2-bit resolution, requiring that all 4096 
codes must be present over the entire operating temperature 
ranges. 


UNIPOLAR OFFSET 

The first transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as 
discussed later. The unipolar ofíset temperature coefTicient spec- 
ifies (he maximum change of the transition point over tempera- 
ture, vith or vvithout external adjustment. 


BIPOLAR OFFSET 

In the bipolar mode the major carry transition (Olli dill ll 
to 1000 0000 0000) shouid occur for an analog value 1/2 LSB 
belovr analog common. The bipolar ofíset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 


QUANTIZATION UNCERTAINTY 

Analog-to-digital converters exhibit an inherent quantization un- 
certainty 0f 2 1/2 LSB. This uncertainty is a fundamental char- 

acteristic of (he quantization process and cannot be reduced (or 

a converter 0Í given resolution. 


LEFT-JUSTIFIED DATA 

The output data format is left-justified. This means that the 
data represents the analog input as a fraction of (ull scale, cang- 
ing from O to 4095/4096. This implies a binary point 4095 to the 
left of the MSB. 


FULL-SCALE CALIBRATION ERROR 

The last transition (from 1101 1111 ElIO to ElEL SALA ddll) 
should occur for an analog value 1 1/2 LSB belovv he nominal 
full seale (9.9963 volts (or 10.000 volts full scale). The full-scale 
calibration error is Me deviation of the actual level at the last 
transition from the ideal level. This error, vehich is typically 
0.05 to 0.196 of full scale, can be trimmed out as shovn in Fig- 
ures 7 and 8. The full-scale calibration error over temperature is 
given vrith and vrithout the initial error trimmed out. The tem- 
perature coelficients for each grade indicate tne matimum 
change in the full-scale gain (rom the initial value using he in- 
ternal 10 V reference. 


TEMPERATURE DRIFT 

The temperature drift for full-scale calibration, unipolar ofíset, 
and bipolar offset specifies the maximum change from the initial 
(425"C) value to the value at Tmin Of Tmax: 


POVVER SUPPLY REJECTION 

The standard specifications assume use of 45.00 V and 
215.00 V or 212.00 V supplies. The only effect of povrer sup- 
ply error on the performance of the device veill be a small 
change in the full-scale calibration. This vrill result in a linear 
change in all lovver-order codes. The specifications shove he 
maximum full-scale change from the initial value veith the sup- 
plies at the various limits. 


CODE VIDTH 

A fundamental quantity for A/D converter specifications is the 
code vvidth. This is defined as the range of analog input values 
for vehich a given digital output code vill occur. The nominal 
value of a code vridth is equivalent to 1 least significant bit 
(LSB) of the full-scale range or 2.44 mV out Of 10 volts for a 
12-bit ADC. 
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AD674B AND AD774B PIN DESCRIPTION 


Symbol Pin No. I Type Name and Functioa 
AGND 9 P Analog Ground (Common). 
Ag 4 DI Byte Address/Short Cycle. If a conversion is started vvith Ag Active LOYV, a full l2-bit conversion 


cele is initiated. If Ag is Active HIGH during a convert start, a shorter 8-bit conversion egcle 
results. During Read (R/C 2 1) vvith 12/8 LOVV, Ag 7. LOVV enables the 8 most significant bits, 
and Ag s HIGH enables DB3-DB0 and sets DB7-DB4 " 0. 


BIP OFF 12 A Bipolar Offset. Connect through a 50 A resistor to REF OUT for bipolar operation or to Analog 
Common for unipolar operation. 

CE 6 DI Chip Enable. Chip Enable is Active HIGH and is used to initiate a convert or read operation. 

CS 3 DI Chip Select. Chip Select is Active LOVV. 


DB1I-DB8 f 27-24 DO Data Bits 11 through 8. In the 12-bit format (see 12/8 and Ag pins), these pins provide the upper 
4 bits of data. In the 8-bit format, they provide the upper 4 bits vhen Ag is LOVV and are 
disabled vvhen Ag is HIGH. i 


DB7-DB4 23-20 DO Data Bits 7 through 4. In the 12-bit format these pins provide the middle 4 bits of data. In the 
8-bit format they provide the middle 4 bits vhen Ag is LONV and all zeroes vvhen Ag is HIGH. 


DB3-DBQ 19-16 DO Data Bits 3 through 0. In both the l2-bit and 8-bit format these pins provide the loveer 4 bits of 
data vvhen Ag is HIGH, they are disabled vrhen Ag is LOYV. 


DGND IS P Digital Ground (Common). 

REF OUT / 8 AQ 110 V Reference Output. 

RC 5 DI Read/Convert. In the full control mode R/C is Active HIGH for a read operation and Active LOVV 
for a convert operation. In the stand-alone mode, the falling edge of R/C initiates a conversion. 

REF IN 10 Al Reference Input is connected through a 50 A resistor to 4 10 V Reference for normal operation. 

STS 28 DO Status is Active HIGH vvhen a conversion is in progress and goes LOVV vrhen the conversion is 
completed. 

Vec 7 P 412 V/4-15 V Analog Suppiy. 

Ver Lu) P —l2 V/-15 V Analog Supply. 

VioGic I P 45 V Logic Supply. 

10 Vi 13 Al 10 V Span Input, O to 710 V unipolar mode or —5 V to 15 V bipolar mode. V/hen using the 
20 V Span, 10 Viu should not be connected. 

20 Viu 14, Al 20 V Span Input, 0 to 420 V unipolar mode or —10 V to 410 V bipolar mode, VVhen using he 
10 V Span, 20 Viu should not be connected. 

12/8 2 DI The 12/8 pin determines vvhether the digital Output data is to be organized as tvvo 8-bit vvords 


(12/8 LONY) or a single l2-bit vvord (12/8 HIGH). 


4 — 


TYPE: Al s o Analog Input PIN CONFIGURATION 
AO so Analog Qutput 
DI so Digital Input 
DO so Digital Output 
P s o Pover 


CADENA DE MESURA DIGITAL — 8 


AD6748/A0774B 


CIRCUIT OPERATION 

The AD674B and AD774B sre complete l2:bit monolithic A/D 
converters vvhich require no external components to provide the 
completc successive-approximation analog-to-digital conversion 
function. A bloch diagram is shoven in Figure 5. 


cana 
DATA 


Figure 5. Bloch Diagram of AD6748 and AD7748 


VVhen the control section is commanded t0 initiate a conversion 
(as described later), it enables the clocic and resets the 
successive-approximation register (SAR) to all zeroes. Once a 
conversion cycle has begun, it cannot be stopped or restarted 
and data is not available from the output buífers. The SAR, 
umed bv the cloch, vill sequence through the conversion cycle 
and return an end-of-convert flag to the control section. The 
control section vvill then disable the clochç, bring the output 
status Nag love, and enable control functions to allovr data read 
by external command. 


During the conversion cycle, the internal l2-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur- 
rent uhich accurately balances the input signal current through 
the divider netvvorit. The comparator determines vhether the 
addition of each successively-veighted bit current causes the 
DAC current sum to be greater or less than the input current, La 
the sum is less, the bit is left on, i more, the bit is turned off 
After testing all the bits, the SAR contamns a 12-bit binary code 
vhich accurately represents the input signal to veithin 

12 LSB. 


The temperature-compensated reference provides the primarv 
voltage reference to the DAC and guarantees excellent stability 
amth both tume and temperature The reference is trimmed to 
10 00 volts — l'as it can supplv up to 2 O mÀ to an external load 
in addition to the requirements 0Í the reference input resistor 
-0 $ mA) and bipolar ofíset resistor Q.$ mA". Anv external load 
on the reference must remain constant during conversion The 
thin film application resistors are trimmed to match the full: 
scale output current of the DAC. The input divider netvori 
provides a 10 V or 20 V input range. The bipolar olfset resistor 
is grounded (or unipolar operation and connected to the 10 volt 
reference for bipolar operation 


DRIVING THE ANALOG INPUT 

The AD674B and AD774B are successive-spproximation analog- 
to-digital converters. During the conversion cycle, the ADC 
input current is modulated by the DAC test current at approxi- 
mately a 1 MH2 rate. Thus it is important to recognize that he 
signal source driving the ADC must be capable of holding a 
constant output voltage under dynamically-changing load 
conditions. 

PELOBACA TO MC UA 


hg 18 MOQULATEO DV 
CHAROES 18 TE8T CUARCAT 
AMR PICA PULLE LOMO 


REOPONSA LM TO DV 
OPTN LOGP QUTPUT ME OANCE 


Figure 6. Op Amp — ADC Intertace 


The closed-loop output impedance of an op amp is equal to the 
open-loop output impedance (usually a fev hundred ohms) di- 
vided by the loop gain at the (requeney of interest. It is often 
assured that the loop gain of a follovver-connected op amp is 
sufficientiv high to reduce the closed-loop output impedance to 
a negligiblv small value, particulariy if the signal is love fre- 
quency. Hovvever, the amplifier driving the ADC must either 
have sufficient loop gain at l MHz to reduce the closed-loop 
Output impedance to a lovv value or have lovv open-loop output 
impedance. This can be accomplished bY using a videband op 
amp, such as the AD7I1. 


IC a sample-hold amplifier is required, the monolithic A D585 
or AD781 is recommended, vath the output buffer driving the 
AD674B or AD774B input directiy. A better alternative is the 
AD1674 vvhich is a 10 us sampling ADC in the same pinout 
as the ADS74A, AD674A or AD774B and is functionally 
equivalent. 


SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 

lis crtcalls important that the povver supplies be filtered, vvell 
regulated, and free from high frequency noise. Use 0É noisy sup: 
plies mill cause unstable output codes. Svitching pover supplies 
are not recommended for circuits attempting to achieve l2-bit 
accuracv unless great vare 15 used in filtering anv svviching 
spiltes present in the ouiput. Fev millivolts of noise represent 
several counts ot error in a 12-b4 ADC. 


Decoupling capacitors should be used on all pomer suppiv pins, 
the 75 V suppiv decoupling capacmor should be connected d1- 
rectiv from Pin 1 to Pin IS idigital common: and the - V,, and 
Ves pins should be decoupled directiv to analog common 4 Pin 
9 A suitable decnupling capacitor is a 4.7 uF tantalum tvpe in 
parallel mith a 0 I uF ceramic disc type 


Circuit lavout should attempt to locate the A DC, associated ana: 
log imput circuitr . and interconnections as far as possible (rom 
logic circunrv. For this reason, the use of veire-vitap Circuit con- 
structon is not recommended. Careful printed-circuit lavout and 
manufacturing 15 preferred 
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UNIPOLAR RANGE CONNECTIONS FOR THE AD674B 
and AD724B 

The AD674B and AD774B contain all the active components 
required to períorm a complete l2-bit A/D conversion. Thus, 
for most situations, all that is necessary is connection of the 
povver supplies (45 V, 4 12/415 V and —12/-15 V), the analog 
input, and the conversion initiation command, as discussed on 
the next page. 


LL) ss 0 
8 MIGM OUTS 
mn 

MIDOLE 0118 
AD8748 8n 


OR Long 
AD7748 ve 10: 


ses um 


10 ACP 1n 
8 REP OUT 


12 OP OFF 
s8v 


19 10Vm 
19 20Vos 
9 ANA COM 


a8v 


Dia COM 18 


Figure 7. Unipolar Input Connections 


All 0f the thin-(ilm application resistors of the AD674B and 
AD774B are factory trimmed for absolute calibration. There- 
fore, in many applications, no calibration trimming vill be re- 
quired. The absolute accuracy for each grade is given in the 
specification tables. For example, if no trims are used, t2 LSB 
max zero ofíset error and 20.259 (IOLSB) max full-scale error 
are guaranteed. IÉ the olfset trim is not required, Pin E2 can be 
connected directiy to Pin 9, the tvvo resistors and trimmer for 
Pin 12 are then not needed. If the full-scale trim is not required, 
a 50 (1 196 metal film resistor should be connected betveen Pin 
8 and Pin 10. 


The analog input is connected betvreen Pins 13 and 9 for a Q to 
410 V input range, betvveen Pins 14 and 9 for a O to 120 V 
input range. Ínput signals beyond the supplies are easilv accom- 
modated. For the 10 volt span input, the LSB has a nominal 
value of 2.44 mV, for the 20 volt span, 4.88 mV. If a 10.24 V 
range is desired (nominal 2.5 mV/bit), the gain trimmer (R2) 
should be replaced by a 50 (1 resistor, and a 200 (1 trimmer in- 
serted in series vvith the analog input to Pin 13 (for a full-scale 
range of 20.48 V (5 mV/bit), use a 500 (2 trimmer into Pin 14). 
The gain trim described belovy is novv done vith these trimmers. 
The nominal input impedance into Pin 1315 5 MEL, and 10 RÍ 
into Pin 14. 


UNIPOLAR CALIBRATION 

The connections for umpolar ranges are shoven in Figure 7. The 
AD674B or AD774B is trimmed to a nominal 1/2 LSB offset so 
that the exact analog input for a given code mill be in the mid- 
die of that code ihalfuav betmeen the transitions to the codes 
above and belov it Thus, mhen properis calibrated, the first 
transition (from V000 0000 0000 to 0000 0000 0001: vall occur 
for an imput level of 1 1/2 LSB tl 22 mY for 10 V range' 


IC Pin 12 is connected to Pin 9, the unit vvill behave in this man- 
ner, vithin specifications. If the ofíset trim (R1) is used, it 
should be trimmed 85 above, although a different ofíset can be 
set (or a particular system requirement. This circuit vvill give 
appreximately £ 15 mV of ofíset trim range. 


The full-scale trim is done by applying a signal t 1/2 LSB belov 
the nominal (ull scale (9.9963 (or a 10 V range). Trim R2 to 
give the last transition (TEU LLEI ERO to LEEE ELS dE). 


BIPOLAR OPERATION 

The connections for bipolar ranges are shova in Figure 8. 
Again, as for the unipolar ranges, if the ofíset and gain specifi- 
cations are sufficient, one or both 0Í the trimmers shovvn can be 
replaced by a 50 (1 2 196 fixed resistor. The analog input is ap- 
plied as for the unipolar ranges. Bipolar calibration is similar to 
unipolar calibration. First, a signal 1/2 LSB above negative (ull 
scale (— 4.9988 V for the 75 V range) is applied and RI is 
trimmed to give the first transition (0000 0000 0000 to 0000 
0000 0001). Then a signal 1 1/2 LSB belovv positive full scale 
(44.9963 V for the 25 V range) is applied and R2 trimmed to 
give the last transition (1LLl LE) LLIO to EELE BEL Li). 


Figure 8. Bipolar Input Connections 


GROUNDING CONSIDERATIONS 

The analog common at Pin 9 is the ground reference point (or 
the internal reference and is thus the "high quality'" ground for 
the ADC, it shouid be connected directiy to the analog reference 
point of the system. In order to achieve the high accuracy per- 
formance available (rom the ADC in an environment of high 
digital noise content, it is required that the analog and digital 
commons be connected together at the pachtage. In some situa- 
tions, the digital common at Pin 15 can be connected to the 
most convenient ground reference point, digital povver return is 
preferred. 
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CE 


gi 


VALUE OF A g AT LAST CONVERT COMMAND 


EQC 12 


E0C 0 


Fa IN PROGRESS 


CLX EN 


STATUS 


NYBOLE A, 
ENABLE 

NYBBLE 8 
ENAGLE TO 


NYBOLE C 
TENABLE 


NYBBLE 8 20 
ENABLE 


Figure 9. Equivalent Internal Logic Circuitry 


CONTROL LOGIC 

The AD674B and AD774B contain on-chip logic to provide con- 
version initiation and data read operations from signals com- 
monly available in microprocessor systems, this internal logic 
circuitry is shovmn in Figure 9. 


The control signals CE, CS, and R/C control the operation of 
the converter, The state of R/C vvhen CE and CS are both as- 
serted determines vhether a data read (R/C — 1) or a convert 
(R/C s 0)is in progress. The register control inputs Ag and 
12/8 control conversion length and data format. If a conversion 
is started vvith Ag lovv, a full l2-bit conversion cycle is initiated 
If Ag is high during a convert start, a shorter 8-bit conversion 
eycle results. During data read operations, Ag determines 
vhether the three-state buffers containing the 8 MSBs of the 
conversion result (Ag — 0) or the 4 LSBs (Ag — 1) are enabled. 
The 128 pin determines vrhether the output data is to be orga- 
nized as txvo 8-bit vvords (12/8 tied to DIGITAL COMMON) or 
a single 12-bit vvord (12/8 tied to Vi oGic). In the 8-bit mode, 
the byte addressed mvhen Ag is high contains the 4 LSBs from 
the conversion follovved by four trailing zeroes. This organiza- 
ton allovs the data lines to be overlapped for direct interface to 
B-bit buses vvithout the need for external three-state buffers 


An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning 0Í a conversion and returns love 
vvhen the conversion cycle is complete. 


Table Í. Trutà Table 


Operation 


None 
None 


Initiate 12-Bit Conversion 
Initiate 8-Bit Conversion 
Enable 12-Bit Parallel Qutput 


Enable 8 Most Significant Bits 
Enable 4 LSBs 44 Trailing Zeroes 


Cs 
E3 
I 

0 
0 
0 
0 

0 


The ADC may be operated in one of tvvo modes, he full-control 
mode and the stand-alone mode. The full-control mode utilizes 
all the control signals and is useful in systems that address de- 
code multiple devices on a single data bus. The stand-alone 
mode is useful in systems vrith dedicated input ports available. 
In general, the stand-alone mode is capable of issuing start- 
convert commands on a more precise basis and, therefore, pro- 
duces higher accuracy results. The folloving sections describe 
these tivo modes in more detail. 
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FULL-CONTROL MODE 

Chip Enable (CE), Chip Select'(CS) and Read/Convert (R/C) are 
Used to control Convert or Read modes of operation. Either CE 
or CS may be used to initiate a conversion. The state of R/C 
vvhen CE and CS are both asserted determines vvhether a data 
Read (R/C s 1) or a Convert (R/C - 0) is in progress. R/C 
Mould be LOVV before both CE and CS are asserted, if R/C is 
HIGH, a Read operation vvill momentarily occur, possibly re- 
sulting in system bus contention. 


STAND-ALONE MODE 

'Stand-alone" mode is useful in systems vvith dedicated input 
ports available and thus not requiring full bus interface capabil- 
uy. Stand-alone mode applications are generally able to issue 
conversion start commands more precisely than full-control 
mode, resulting in improved accuracy. 


CE and 2/8 are vvired HIGH, CS and Ag are vired LONV, and 
conversion is controlled by R/C. The three-state bulfers are cn- 
abled vvhen R/C is HIGH and a conversion starts vhen R/C goes 
LOVV. This gives rise to txvo possible control signals —a high 
pulse or a lovv pulse. Operation vvith a lovv pulse is shovvn in 
Figure 4a. In this case, the outputs are forced into the high im- 
pedance state in response to the falling edge of R/C and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes HIGH 200 ns after R/C goes LONV and returns 
lovr 600 ns alter data is valid. 


If conversion is initiated by a high pulse as shovn in Figure 4b, 
the data lines are enabled during the time vvhen R/C is HIGH. 
The (alling edge of R/C starts the next conversion, and the data 
lines return to three-state (and cemain three-state) until the next 
high pulse of R/C. 


CONVERSION TIMING 

Once a conversion is started, the STS line goes HIGH. Convert 
start commands vvill be ignored until the conversion cycle is 
complete, The output data buffers can be enabled up to 1.2 us 
Prior to STS going LONV. The STS line vall return LONV at the 
end o( the conversion cycle. 


The register control inputs, Ag and 12/È, control conversion 
length and data format. If a conversion is started vvith Ag LOVV, 
a (ull 12-bit conversion cycle is initiated. If Ag is HIGH during 
a convert tart, a shorter 8-bit conversion cycle results. 


Durimng data read operations, Ag determines vvhether the three- 
sate buffers containing the 8 MSBs of the conversion result 

(Ag 7 0) or the 4 LSBs (Ag — 1) are enabled. The 12/8 pin de- 
termines vrhether the Output data 15 to be organized as tvvo 8-bit 
vords (12/8 ted LONY) or a single 12-bit vord (12/8 tied 
HIGH). In the 8:bit mode, the byte addressed vehen Ag is high 
contains the $ LSBs from the conversion follovved by (our trail- 
ing zeroes. This organization alloves the data lines to be over: 
lapped for direct interface to 8-bit buses veithout the need for 
external threc-state huffers 


AD674B/A07748 


GENERAL A/D CONVERTER INTERFACE 
CONSIDERATIONS 

A tvpical A/D converter interíace routine involves several opera- 
tons. First, a vvrite to the ADC address initiates a conversion. 
The processor must then vvait for the conversion cvele to com- 
plete, since most integrated circuit ADCs vahe longer than one 
instruction cvele to complete a conversion. Valid data can, of 
course, only be reaú after the conversion is complete. The 
AD674B and AD774B provide an output signal (STS) vvhich 
indicates vvhen a conversion is in progress. This signal can be 
polleú by the processor bv reading it through an external threc- 
state buffer (or other input port). The STS signal can also be 
used to generate an interrupt upon completion 0É conversion if 
the system timing requirements are critical and the processor 
has other tasles to perform during the ADC conversion cvele. 
Another possible time-out method is to assume that the ADC 
vvill talce its maximurn conversion time to convert, and insert a 
sulficient number of "no-op" instructions to ensure that this 
amount 0Í processor time is consumed. 


Once conversion is complete, the data can be read. For convert- 
ers vvith more data bits than are available on the bus, a choice 
Of data formats is required, and multiple read operations are 
needed,. The AD674B and AD774B include internal logic to per- 
mit direct interface to 8-bit and 16-bit data buses, selected by 
the 128 input. In 16-bit bus applications (12/8 high) the data 
lines (DB11 through DB0) may be connected to either the 12 
most significant or 12 least significant bits of the data bus. The 
remaining four bits should be maslted in sofivvare. The interíace 
to an 8-bit data bus (12/8 lovv) is done in a left-justified format. 
The exen address (A0 lovv) contains the 8 MSBs (DB11 through 
DB34). The odd address (AO high) contains the 4 LSBs (DB3 
through DBO) in the upper half of the bvte, follovved by four 
trailing zeroes, thus eliminating bit mashing instructions. 


lt is not possible to rearrange the output data lines for right- 
justified 8-bit bus interface. 


Dr De 
XRXQ 0611 
(EVEN AODR) (58) oro fons fona fons foc da El 
XXXI 090 
(000 DOR) (L58) 


Figure 10. Data Format for 8-Bit Bus 
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(4) MOTOROLA 


3 DIGIT A/O CONVERTER 

The MC 14433 18 a high performance, lovv povver, 34 digit A/D converter com- 
big both linear CMOS and digital CMOS circuits on a single monolthic IC. The 
MC 14433 15 designed to minimize use of external components. VVith tvvo external 
resistors and tvvo external capacitors, the system forms a dual slope A/D con- 
verter vvith autornatic zero correction and automatic polarty. 

The MC 14433 15 ratiometric and may be used over a full-scale range from 1 999 
volts to 199 9 millivolts. Systems using the MC 14433 may operate over a vvide 
range ot povver Suppiy voltages for ease of use vvith batteries, Or vvith standard 5 
volt supples The output drve conforms vath standard B-Senmes CMOS 
specilications and can drve a lovv-poveer Schottiy TTL load 

The high impedance MOS imputs allovv applications in Current and resistance 
Meters as vvell as voltmeters. In additon to OVM/OPM applications, the 
MAC 14433 finds use in digital thermometers, digital scales, remote A/D, A/D con- 
trol systerns, and in MPU systems 
Accuracy: 8 0.0596 of Reading £ 1 Count 
Tvvo Voltage Ranges: 1 999 V and 199 9 mV 
Up to 25 Conversions/s 
Zen X 1000 M ohm 
Auto-Polarity and Auto-Zero 
Single Positive Voltage Reference 
Standard B-Semes CMOS Outputs - Drives One Lovv Povver 
Schottiy Load 


CMOS LSI 


(LOVV.POVVER COMPLEMENTARY MOS) 


34 DIGIT A/O CONVERTER 


L SUFFIX 
CERAMIC PACRAGE 
CASE 623 


P SUFFIX 
PLASTIC PACRAGE 
CASE 709 


eo Uses On-Chip System Cloch, or External Cloct 
e Vvvide Suppiy Range: e g., 445 V to 48.0 V 
e Overrange and Underrange Signals Avalable 
e Operates in Auto Ranging Circuits ORDERING INFORMATION 
e Operates vath LED and LCD Displays : 
E Lov External Component Count MCUXXX, Suífix.— Denotes 
e See also Application Notes AN-769 and AN-770 L Ceranve Pachage 
o Chip Complexity: 1326 FETs P Plastic Paclage 
BLOCX DIAGRAM 20.23 
QQ-Q3 PIN ASSIGNMENT 
BCD Data 
— i Multiptexer 16-19 
DS 1-054 
Digit Stroba 


SES EE ES 


Latches 


10005 
Li ia 
Pi Leer Eng aa pe 1. es 
P————én de —o OH Overrange 
2 


Control mb, CMOS 1 G 
v Anal tound 
Logic Analog ara AG 09 
8 
Co02 


L 
1 


ei Subsystem VX Analog lriput 
i al SP al 7 
RIQ RCR CP COI Vo0 8 Pin 24 
Vgg a Pin 13 
9 Ò Oisplay Mb End ot 


Veg a Pin 12 
OU Update EOC Conversion Integrator Ottset 
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MAXIMUM RATINGS 


Lo Srmol. PO Vaue OT Unit J. ( Tms deica contains ciouimy to protect 


l VoptovVeg I -05t0 318 V the inputs ageinst demege due to high 


V -05to Static voltages or electric fields, hovvever, 
i it is edvised that normal preceutions be 


teten to svoid apolication of any voltage 
higher than màximum rated volteges to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vour ba constreined to the range 
VEE S (Vin Of Vouú SVOD- 


DC Supply Voltage — Vpg to Analog Ground 45.0t0 48.0 Vde 
VEE to Analog Ground -2.81t0 -8.0 


Zero Oltset Correction Capacitor 


ELECTRICAL CHARACTERISTICS (Ci m0.1 pF myiar, ju 470 LO Vret a 2.000 V, Rue 27 LODVrey 200.0 MV, CQ 00.1 pF. 
RÇ u 300 MO: all voltages refarenced to Analog Ground, pin 1, uniess othervese indicated) 


a ma 


Lineanty-Output Reading (Note 1) 
IVret es 2.000 V) 


(Vet te 200.0 mV) 


(Vg u 199.0 mV, Vref me 200.0 mV) 
Symmatry — Qutput Resding (Note 2) 
(Vret 2 2.000 V) 
Zero-Qutput Resding 
(Vx m0 V, Vref a 2.000 V) 
Bias Current 


Viga 1.4 V, Vraf a 2.000 V) 

Input Voltage" Pins 9, 10 i 
(Vg 24.5 or 0.5 VI 
(Vg x 9.0 or 1.0 V) 


(VO a 13.5 or 15 V) 


(Vg 05 or 4.5 V) 
(Vg u 10 or 9.0 V) 
(VQu 15 0r 135 VI 
Qutput Voitage — Pins 14 to 23 
(Vgs 20 VI 


Output Current — Pins 14 to 23 
Vg 20 VI 
(VQu 2 4 6 VI. Source 
(VOL 204 VI Sint 
IVSS 2 -50VI 
(VQm 24 5 VI.— Source 
(VOL 8 — 45 VI Sint 
Input Current 
Qurescent Current 
(VOD 10 VEE. Igs 20) 
OC Supply Rerection 
(VOD 10 VE. ISS 30. Vref a 2 000 VI 


Notes: 1 Accuracy — The accuracy ol the meter at full Scale 13 the accuracy ot tha setting of the reference voltsga. Zero 18 recalcuiated dunng 
each conversion cvcie. The meaninglui speciticaton is ineanty. In other vvords, the deviation trom correct reading tor all imputs other 
than positve full scaie and zero is delined as the lineanty specificauon. 

2. Symmeuy — Detined as the dillerence betvreen a negauve and positive resding of tha same voltaga at or near full scale. 
a Tighter tolerances are avaitabla. Consult Logic and Special Functions Product Mariteung for detmits at (512) 928-6880 
" Retarenced to Vçs lor Pin 9. Relerenced to Veg for Pin 10 


ROLLOVER ERROR (IN LSD) AT FULL SCALE 


10, SINR CURRENT (mAl 


1Çm. CLOCR FREQUERCY (Hi) 


(PLUS COUNT LESS MINUS COUNT) 
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TVPICAL CHARACTERISTICS 


EIGURE 4 — TVPICAL ROLLOVER ERROR 
versus PONVER SUPPLY SICEVI 


NOTE: ROLLOVER ERROR IS TNE D1FFERNCE IN 
QUTPUT READING FOR THE SAME ANALOG 
INPUT SMITCHEO FROM POSiTIVE TO NEG: 
ATIVE. 


-4 3 2 - 0 ' 2 3 4 
(IVODI - IVEElL SUPPLY VOLTAGE SXEVI (VOLTS) 


FIGURE 3 — TVPICAL N-CHANNEL SINIC CURRENT 
AT VDD-VSS 2 8 VOLTS 


FIGURE S — TVPICAL CLOCX FREQUENCY 
versus RESISTOR (Rc) 


DE titu its 


1 1 Nota: - 
LS pea venatea over sepoty voltepra —. 
rangu ol 14.5 V to 18 V. 


109 452 1M4L 
RÇ. CLOCX FREQUEMCY RESISTOR 


CONVERSION RATE a 


MULTIPLEX RATE 2 


FIGURE 2 — TVPICAL QUIESCENT PONER SUPPLY CURRENT 
versus TEMPERATURE 


ig. QUIESCENT CURRENT (ma) 


FIGURE 4 — TVPICAL P-CHANNEL SOURCE CURRENT 
AT VOD-VSS " 8 VOLTS 


t0. SOURCE CURRENT (mA) 


Vos, ORAL -TO-SOURCE VOLTAGE (Vdc) 


FIGURE 6 — TVPICAL 56 CHANGE OF CLQCMX FREQUENCY 
vergue TEMPERATURE 


ti. CLOCR FREQUENCY (3 CHANGE) 


CLOCX FREQUENCY . 


16,400 


GLOCR FREQUENCY 
80 
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Application Hints (continveg, 


e064 008 
OM8131 St LL 
0U5 COMP seLtcT 
LI 
CE Dacime 
O 
OMB LL 595 
GUFFEN 


DAC1230 


Q 
Emili 


CJ tra) tos 
Qj FR DAC1230 
1 
LI LL 0: 
d12 
04 Olg 
a ETTITL 09 


FIGURE 8. TRI-STATET Butlers Isolate the Data and Control Lines trom the DAC8. 
A Transter VVord Provides a Flexible Update. 
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Application Hints (Conunued) 


2.0 ANALOG APPLICATIONS 


The analog output signat for these DACs is derived from a 
conventional A-2A current smtching ladder netvorx. A de- 
taled description of this netvorr can be found on the 
DAC1000 series data sheet. Basically, output louri Pro- 
vides a current directiy proportional to the product of the 
applied reterence voltage and the digital input vvord. A sec- 
ond outpue, lour2 Vill be a current proportional to the com- 
plement of the digital input. Specitically: 


VA (9) 
tour SA 4098 
I — VREF 4095 — D 
OUT2 7 


R 4096 


vrhere D is the decimal equivalent ot the applied 12-bit bina- 
ry vvord (ranging from O to 4095), Vaer is the voltage ap- 
plied to the VagF terminal and A is the internal resistance ot 
the R-2A tadder. A is nominally 15 XfL. 


2.1 Obtaining a Unipotar Output Voltage 

To maintain linearity ot output current mth changes in the 
applied digital code, it is important that the voltages at both 
of tne current Output pins be as near ground potential (O 
Voc) as possible. VVith VaEr — t 10V every millivolt appear- 
ing at either louri Of lOUT2 vell cause a 0.016 linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shovn in Figure 9. 


OAC1208 


GNO 


Vour 7 


CSTRAY 


The inverting input ot the op amp is a virtual ground created 
by the leedbaci from its output through the internal 15 (311 
resistor, Rrp. All ot the output current (determined by the 
digital input and the relerence voltage) vvill flove through Arb 
to the output of the amplilier. Tvvo-quadrant operation can 
be obtained by reversing the potarity ol VREF thus causing 
lours to flov into the DAC and be sourced from the output 
ol the amplifier. The output voltage, in either case, is alvvays 
equal to louri X Rep and is the opposite polarity ol the rel- 
erence voltage. 

The reterence can be either a stable OC voltage source or 
an AC signal anyvhere in the range from —10V to 4 10V. 
The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage is almays less than the applied reter- 
ence voltage. The Vagr terminal ot the device presents a 
nominal impedance of 15 RN to ground to external Circuitry. 
Alvvays use the internal RF resistor to create an Output 
voltage since this resistor matches (and tracxs vvith tamper- 
ature) the value ot the resistors used to genurate the output 
current (Tour). 

The selected op amp shouid have 88 lover a value of input 
bias current as possible. The product of the bias current 
times the fegdbaci resistance creates an Output voltage er- 
ror vehich can be significant in lovv reterence voltage appli- 
cations BI-FETTM op amps are highly recommended for use 
vvith these DACs because of their very love input current. 


FULL SCALE ADJUST 


O VouT 


D d—O Vec 
Vos ADJUST 
(ZERO ADJUSTMENT) 
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our ' Rel 


- Vagr (O) 
4096 


torO 1 Ds 4095 


FIGURE 9. Unipotar Output Contiguration 
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Applicatlon Hints i(Continvea) 


Transient response and settling time of the op amp are im- 
portant in last data throughput applications. The largest sta- 
bility problem is the legdbach pole created by the teedbact 
resistance, Ary. and the output capacitance of the DAC. 
This appears from the op amp output to the (—) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 9, greatly reduces overshoot 
and ringing at the output (or a step change in DAC output 
Current. 


2.1.1 Zero and Full-Scale Adjustments 


For accurate conversions, the input oliset voltage ot the 
Output amplifier must alvvays be nulled. Amplifier otfset er- 
rors create an overall degradation ol DAC linearity. 

The lundamentat purpose ol zeroing is to mate the voltage 
appearing at the DAC outputs as near O Voç as possible. 
This is accomplished by shorting out Rrp, the amplitier feed- 
bact resistor, and adjusting the vos nulling potentiometer ot 
the op amp until the output reads zero volts. This is done, of 
course, vith an applied digital code of all zeros if louri is 
driving the op amp (all ones for tour2). The short around 
Arb is then removed and the converter is zero adjusted. 

A unique feature ot this series of DACs is that the full-scale 
or gain error is guaranteed to be negative. The gain error 
specification is a measure of hovv close the value of the 


(FULL SCALE 
ADJUSTI) 


LVagr 
(-FULLSCAL O 
ADJUST) 


internal fegdbaci resistor, Rey. matches the A-2A ladder 
resistors. A negativa gain error indicates that Rep is a ame. 
er resistance value than it shouid be. To adiust this galm 
error, some resistance must alvays be added in series vith 
Aro. The 500 potentiometer shovan is sulficient to adjust 
the vorst-case gain error for these devices. 


2.2 Bipolar Output Voltage from a Fixed Reierence 


The addition ot a second op amp to the unipolar circuit can 
generate a bipolar output voltage from a fixed reference 
voltage. This, in elfect, gives sign significanco to the MSB ot 
the digital input vvord to allove tvvo quadrant multiptication ol 
the reterence voltage. The polarity ot the reference can also 
be roversed to realize full 4-quadrant multiplication. This cir- 
cuit is shovvn in Figure 10. 

This contiguration features several improvements over ex- 
isting circuits for a bipolar output shoven vith other multipiy- 
ing DACS. Only the oltiset voltage ot amplifier 1 altects the 
linearity ot the DAC. The ollset voltage error ol the second 
op amp (although a constant output error) has no elfect on 
linearity. in addition, this configuration offers a non-interac- 
tive positive and negative (ull-scale calibration procedure. 


O Vgur 


D- qr jrLrerseso 18 


Vour " VREF ( 2046 


tor O 3 D s 4095 


input Code i ideal VouTr 

MSB.....LSB tVREr S VE 
asi diatdrdi VaEr —Í LSB IPE 1 
110000000000 Vagr/2 —IVRErl/2 
100000000000 0 0 
L010141941344 -—1L88 ti LSB 
DOtitititia - MEL iL88 Meerl, 1L58 
0009000000003 - VAEF 4IVagEl 


FIGURE 10. Bipotar Output Voltage Configuration 
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Application Hints (continuedy 


1.2.1 Zero and Full-Scalée Adjustments 


To calibrate the bipolar output circuit, three adjustments are 
equired. The first step is to set all of the digital inputs LOVV 
to force loyry to 0) then null the Vos ol amplitier 1 by 
jetting the voltage at its inverting input (pin 2) to zero volts. 
Next, vvith a code of all zeros still applied, adjust " — full. 
icale adjust", the relerence voltage, tor Vour - tÍVREF 
deall. The polarity ol the output ve'tage at this time vvill be 
pposite that ol the applied reterence. Finally, set all ot the 
figital inputs HIGH and agdjust '- tull-scale adjust" for 
2047 


Vour " VREF 3048: 


The polarity of the output vvill be the same ag that ot ho 
reference voltage. 


3.0 APPLICATION IDEAS 

In this section the digital input vvord is represented by the 
letter D and is equal to the decimal equivalent of the 12-bit 
binary input. Hence D can be any integer value betveen O 
and 4095. 


Composite Amplifler for Good DC Characteristics and Fast Output Response 


OAC 1199 


ALL 
REFERERCE 


e Combines the lo Vos. 
love Vos dnit and love 
bia8 current ot the 
LMI1 vmih the last 
responsa ot the LF351 

e Saltling time z 8 uS 
for a zero to tuit. 
scale transivon 


O Vour 


High Voltage, Povver DAC 


DAC 1208 


-19V 
REFERENCE O 


14/41/5690 - 17 
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Application Hints (Conunuea, 


to 


svate 
GA sin90€ 


4 LAMmp(D) 
4096 


High Current Controller 


8-BIt Course, 4-BIt Vernter DAC 


Your 
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I è Brava 


TL/H/5690 -20 
Ordering information 
Part Number Non-Linearity Pachage des oa ien 
i i L. c Il ange 
DAC 1208LCJ 0.01299 J24A Cerdip —40'C to 485'C 
DAC 1208LCJ-1 0.01296 J24A Cardip Q'C to 4 70'C 
pianista alii 
DAC 1209LCJ 0.024 94 J24A Cerdip —40'C to 4 85€ 
DAC 1209LCJ.1 0.02494 J24A Cerdip O'C to 4 70'C 
DAC1210LCJ 0.05094 J24A Cerdip —40'C to 485'C 
DAC 1210LCJ. 1 0 05094 J24A Cerdip O'C to 4 70'C 
DAC 1230LCJ : 001295 J20A Cerdip L —40'C to 485'C 
l i 
DAC1230LCJ.1 al 0 01290 1 J20A Cerdip 0'C to 4 70'C 
DAC1231LCJ 0 02429 J20A Cerdip — 40'C to 4 85:C 
DAC1231LCJ-1 002494 l J20A Cerdip O'C to 4 70'C 
—ne Es ai 
DAC 1232LCJ 0.05094 J20A Cerdip —40'C to 4 85'C 


DAC1232LCJ-1 0.05092 J20A Cerdip 0'C to 4 70'C 


CADENA DE MESURA 


Unear Products 


DESCRIPTION 

mg DAC08 series of 8-bit monolithic 
muuplying Digital-to-Analog Converters 
govide very high-speed performance 
mupled vvith lovy cost and outstanding 
ipeucatons flexibility. 


agvanced circuit design achieves 7Ons 
setuing times vvith very love glitch and at 
Qu povver consumption. Monotonic mul- 
solmng performance is attained over a 
enda 20-to-1 reference current range. 
Vatching to vithin 1 LSB betvveen refer- 
ence and full-scale currents eliminates 
ne need for full-scale trimming in most 
noplications. Direct interface to all popu- 
ar logic tamilies vvith full noise immunity 
s provided by the high sving, adjustable 
zxeshold logic inputs. 


Dual complementary outputs are provid- 
ed, increasing versatility and enabling 
xtterential operation to effectively dou- 
00 the peal-to-peah output sving. True 
gh voltage compliance outputs allovv 
arect Output voltage conversion and 
esminate output op amps in many appli- 
sabons. 


Aj DAC08 series models guarantee full 
8-4 monotonicity and linearities as tight 
as 0.126 over the entire operating tem- 
verature range. Device pertormance is 
essentially unchanged over the £ 4.5V to 
" 18V povver suppiy range, vvith 37mVV 
DOver consumption attainable at £ SV 
supplIes. 


ORDERING INFORMATION 
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DAC08 Series 
8-Bit High-Speed Multipiving 


D/A Converter 


Product Specification 


The compact size and lovv pomer con- 

sumption mate the DACO8 attractive for 

portable and military aerospace applica- 

tions. 

FEATURES 

o Fast settling output current — 
70n8 

e Full-scale current prematched to 
11 LS8 

e Direct intertace to TTL, CMOS, 
ECL, HTL, PMOS 

e Relative accuracy to 0.196 
maximum over temperature range 

e High output compliance -10V to 
v18V 

o True and complemented outputs 

e V/ide range multipiying capability 

o Lom FS current dritt — 
£ 10ppm/'C 

e VVide poveer suppiy range — 
t 4.5V to £ 18V 

e Lo pover consumptlon —- J7mVY 
at £ 5V 


DESCRIPTION T TEMPERATURE RANGE ORDER CODE 
'6-Pin Hermeuc Cardip 1 -551C to 4 125:C OACO08F 
'6-Pin Hermetc Cardip -55'C to 4 t125'C DACOBAF 
'6.Pin Plastc DIP i O to 470 OACo8CN.— Í 
"'6-Pin Hormetc Cerdip L O to 1 70:C 3 DAC08BCF 
'6-Pin Plasbc DIP LL O to 470'C T DACO8BEN 
16-Pin Hermetc Cardip Q to 1 70'C DACO8EF zI 
18:Pin Plaste SO I 0 to 4 70'C DAC08EO 
16-Pin Hermetc Cerdip O to 470'C DACO8HF 
16-Pin Plastic DIP 0 to 4 70'C DACO8HN al 


PIN CONFIGURATIONS 


F, N Pacrages 
VLC come 
h VREF — 
ve VREF 4 
tg ve 
64 (MS8) 09.58) 
82 07 
04 84 
84 05 
TOP VIENE 
D'00408 
D Pacxage' 
TOP VE 
Coroseos 
NOTE: 
1. SO pg non-standard pmouta. 


APPLICATIONS 

o 8-bit, 1us A-to-D converters 

e Servo-motor and pen drivers 

e VVaveform generators 

e Audio encoders and attenuators 

e Analog meter drivers 

e Programmabie poveer supplles 

e CRT display drivers 

e High-speed modems 

e Other applications vehere love 
cost, high speed and complete 
Input/output versatllity are 
required 

e Programmable gain and 
attentuation 

e Analog-Oigital muitiplication 
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BLOCIC DIAGRAM 


REFERENCE 
AMPLIFIER 


ABSOLUTE MAXIMUM RATINGS 
——————ee 


SYMBOL PARAMETER RATING 
Pover suppiy voltage 
: : V- to V- plus 
Vs-Via J Digital input voltage 38V 
—————— 
Vic Logic threshold control V- to Ve 
Vo Applied output voltage V- to 418 
Ma Reterence current 
r———————— ee 
xa Reterence amplitier inputs Veg to Vec 
1 
Po Maximum povver dissipation Ta " 25'C 
(still-air" 
F paciage 1190 my 
N pachage n 1450 myy 
D pacxage 1090 my 
Tsouo Lead soldering temperature (10sec max) 300 "C 
TA Operating tamperature range 
OACO8, DACO8A -55 to 4125 "C 
DACO0B8C, E, H 0 to 470 "C 
Tsrg Storage temperature range -65 to 1150 "C 
NOTE: 


1. Derate above 25'C, at the tollovng rates: 
F pachage at 9.5myy/'C. 
N pacxage at 11.6my/2C. 
O pachage at 8.7myv/"C 
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DC ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to vhich Rus is 
returned. 
Vec 8 £ 15V, Iagr " 2.OmA, Output characteristics refer to both lour and IGUY uniess 
othemise noted. DAC08C, E, H: Ta me O'C to 702C. DAC08/08A: TA " —55"C to 


125"C. 
Ll x 
DAcosc DACOBE 
SYMBOL PARAMETER TEST CONDITIONS UNIT 
ccaèu E R 
Resolution 
Monotonicity 
Relative accuracy Over temperature range 
Differential non-linearity 
TClrs Fuli-scale tempco 
VC Output voltage compliance l Full-scale current change € Ya LSB 
lega Full-scale current VREr " 10.000V, Rja, Ris " 5.000452 
tess Full-scale symmetry IF84 —lFS2 


ls Zero-scale current 


Ra, Ri5 1 5.0004S2 
legA Full-scale output current Vagr "7t 15.0V, V— m — 10V 


range Vagr P 4 25.0V, V- a — 12V 42 4.2 
le 


Logic input levels 


vi Lov - 
Xip High Vg 7 0V i 
—————— 

Logic input current Vic 1 OV 
UI Lo Viy " —10V to 40.8V -2.0 ) -10 -2.0 1 -10 MA 
in High Vip 3 2.0V to 18V 0.002 10 0.002 10 
Vis Logic input sving Ve a — 15V -10 -18/J -10 18 
Vrua Logic threshold range Vg v £ 15V -10 413.5) -10 413.5 
lis Reference bias current 
di/dt Reterence input slevv rate i 

Povver suppiy sensitivity inEF € ÍmA 
PSSIF84 Positive Va m 4.5 to 5.5V, V- m —15V, 0.0003J 0.01 0.0003J 0.01 

Ve m 13.5 to 16.5V, V- m — 15V P FS/ P VS 
PSies. Negative V- m-4.5 0 -5.5V, V4 m 4 15V. 0.002) 0.01 0.002 Í. 0.01 
V- m-13.5 t0 -16.5, Vt 2 4 15V 
Te) EE Me ea el 
Povver Suppiy current i 

le Positive 3.1 3.8 31 3.8 
el Vs mt £5V, InEF " 1.OmA 8 Sa i Ms: Bi 

I. Negative . I 4.3 L 5.8 j .3 5.8 
le Positive 3.1 3.8 3t 3.8 mA 
l Negative VS No 5 19V, ner 2 OMA sia last a 74 l-78 

4 —L 
La Positive 3.2 3.8 : 3.2 3.8 
he Negative VS SN EET 8 OM c12l e78 i 721 -78 

- t Dm 
P5 Poveer dissipation 1 5V. IngF " 1.OmA 37 48 , 37 l 48 
4 5V, -15V, IagF € 2.OMA 122 l 136 i 122 l 136 mvy 


t 15V, IpEF 7 2.OmA 156 174: 3 


OC ELECTRICAL CHARACTERISTICS (Continued) Pin 3 must be at least 3V more negative tan the 


SYMB0L PARAMETER 


L 


i 
Resolution 


Monotonicity 
Let £ 


Relative accuracy 
Differential non-linearity 


Full-scale tempco 
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Ris is retumed. 


potential to vien 


Vec e £ 15V, Iagr " 2.OmA, Output characteristics refer to both loyy 


and ltgr, uniess othervise noted. DAC08C, E, H: Ta 


DAC08/08A: Ta m -552C to 125"C. 


TEST CONDITIONS 


Over tamperature range 


Output voltage compliance 


Full-scale current 


Full-scale current change Y2 LSB 
VREF P 10.000V, Ria, Ris " 5.000R82 


IFss Full-scale symmetry IES4 —lFs2 
lzs Zero-scale current 
Ra, Ras 2 5.000492 
lesA Full-scale output current range VREr " $ 15.0V, V— m —1QV 
VREF P $ 25.0V, Ve m -12V 
Logic input levels 
Vi. Lovy - 
Vin High Ve 7 0V 
Logic input current Vic 7 OV 
in. Love Viy 2 —10V to 10.8V 


LE) High Viy  2.0V to 18V 
Vis Logic input sving Ve m-15V 
Los Pop iamaa ag PT ea 


Vrua Logic threshold range Vg z £ 15V 
his Reterance bias current 
Ed te 
di/dt Reference input slevr rate 40 8.0 
pes 
Pomver suppiy sensitivity IREF P mA 
PSSirs4 Positive Vte 4.5 tO 5.5V, V- m —15V: 0.0003 
Vt m 13.5 t0 16.5V, V- m .15V 
PSiFs.. Negative Ve m -4.5 tO -5,5V, V4 m 4 15V, 0.002 
V- 213.5 t0 -16.5, V4 m 4 15V 
Pover SUPpIy current 
lt Positive Vs 8 £ 5V, Ingr te 1.OmA 34 i 
la m4. 58 
L Negative 3 5 
4 Positive 3.1 3.8 
L Negative Vg 8 45V, —15V, Ingr " 2.OmA a 
La Positive 3.2 
i Negative Vs " £ 15V, IagF " 2.OMA 72 
dE 
Po Pover dissipation 1 5V, Ingr he 1.O0mA 37 
45V, -15V, ler " 2.OMA 122 
£ 15V, Iagr e 2.0mA 156 
Las sani Bao iiianiicigiiimenat as, 


m OC to 709Ç, 


mA/us 


RFS/ pVS 


my 
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AC ELECTRICAL CHARACTERISTICS 


— 
DACO08E DAC08H 
DAc0ec DAC08 DAC08A 
SYMBOL : PARAMETER TEST CONDITIONS 
I Typ 
I To £ Ja LS8, all bits 
i I Settling time svitched on or off, 70 
i Ta m O'C 
j Propagation delay 
tam jo LOvertO-High Tam 25"C, each bit. 
tinc Í High-to-Lov All bits svvitched 35 


TEST CIRCUITS 


o ERROR 
OUTPUT 


REFERENCE DAC 
ACCURACY 5 0.00890 


reaeos, 
Figure 1. Relative Accuracy Test Circuit 
OF ce 2.4V j 
om I 1.4V 
HE 0.4V ma 


4 2.0Vde 


COT en ries om 
Hy FDS ROS USE Ag to GND 


19v i. FOR TURN OFF 
RONF SETTLINO (ME MEASUREMENT 
si A, 3 5004. 
FOR SETTLING TIME Li 
4. To MEASUREMENT o : : 
z eo (ALL BITS i 
ies SMITCMED LOVY 1 tg a JOns TYPICAL : 
a) i I TO HIGH) , To suaise i 
ts9£ Mi CQ 4 150F H 
. i dies da T dd T Dc TRANSIENT 9 a QS a Gin 
EESi Du are, Ú RESPONEE È PlN 4 TO GNO 
Es T La -100 - 
leds VEE 5 qe re torn — ment 


"cares 
Figure 2. Transient Response and Settling Time 
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PIN DESCRIPTIONS 


ANALOG GROUNOD (VAG, Pin 1) 

Analog ground at this pin is the input reference level tor 
the untnoven input voltage (Vx) and reference voltage 
(Vretl. This pin is a high impedance input. The allovvable 
operating range for VAG is from Veg 42.8 V to VOD 
-45V. 


REFERENCE VOLTAGE (Vret, Pin 2) 
UNIGNOVVN INPUT VOLTAGE (Vx, Pin 3) 

This A/D system pertorms a ratiometric A/D conversion, 
that is, the untnoven input voltage, Vx, is messured 38 a 
ratio of the reference voltage, Vret. The full scale voltage is 
equal to that voltage applied to Vref. Therefora, a full scale 
voltage of 1.989 V requires a reference voltage ot 2.000 V 
vehile full scale voltage ot 199.9 mV requires a referenca 
voltage of 200 rmV. Both Vx and Vref are high impedance in- 
puts. in addition to being a reference input, Pin 2 functions 
as a reset for the A/D converter. VVhen Pin 2 is svvitched love 
treterenced to VEg) for at least 5 clocic cycles, the system is 
resat to the beginning ot a conversion cvcle. 


EXTERNAL COMPONENTS (Ri, Ri/ Ci, Cy Pins 4, 5, 8) 

These pins are for external components for the integration 
used in the dual ramp A/D conversion. A typical value for 
the capacitor is O.1 pF lpolystyrene or mylar) vvhile the 
resistor should ba 470 HQ for 2.0 V full scale operation and 
27 ic) for 200 mV full scale operation. These values are for a 
66 Hz cloche frequency vehich vvill produce a conversion time 
of approximatety 250 ms. The equations governing the 
calculation for the values for integrator components are as 
folloves: 


Vximax) T 
Me a AV 
AV a Vp0 — Vximax) — 0.5 V 
t 
T 22 4000 
- x TCir 
vihere: 
Aris in id) 


VD0 is the voltage at Pin 24 referenced to VAG 
Vx is the voltage at Pin 3 referenced to VAG, in V 
fCih is the clocie trequency at Pin 10 in iHz 
Ciisin aF, AV is in Volts 

T is the conversion time, in seconds 


Example: 
Cim 0.1 qF 
Vp0 25.0 volts 
fue a 66 hettz 
For Vx max) me 2.0 volts 
Ri 480 VO (use 470 XO 4 596) 


For Vximax) e 200 mV 
Rj a 28 XQ (use 27 XQ 4 596) 


Note that for vvorst cese conditions, the minimum 
allovvable value for Aj is a function of Ci min, VD0 min, and 
fCl Max. The vvorst-case condition does not so AV 4 VX 
to exosed Vop. The 0.5 V factor in the above equation for 
AV is tor satety margin. 


OFFSET CAPACITOR (CO1, C02, Pina 7, 8) 

These pins are used for connecung the otfset correction 
capacitor. The recommended valve is 0.1 mF (polystyrene or 
mylar). 


DISPLAY UPDATE INPUT (DU, Pin 9) 

If a positive edge is received on this input prior to the 
ramp-doven cycle, neve data val be strobed into the output 
latches during that conversion cycle. VVhen this pin is vired 
directiy to the EOC output (Pin 14), every conversion vell be 
displayed. VVhen this pin is driven from an external source, 
the voltage should be referenced to VSS. 


CLOCIC (Cite 4, Clie O, Pins 10, 11) 

The MC14433 devica contains its ovvn oscillator system 
clocx. A single resistor connected betveeen pins 10 and 11 
sets the cloct frequency. if increased stability is desired, 
these pins vvill support a erystal or LC circuit. The cloch in- 
put, Pin 10, may also be driven from an external cloch Source 
vhich need have only standard CMOS o0utput drive. For ex- 
ternal cloci inputs this pin is referenced to Veg. A 300 i 
resistor results in cloch frequency of about 66 Hz. (See the 
typical characteristic curves.) For alterate circuits see 
Figure 7. 


NEGATIVE POVVER SUPPLY (Vg, Pin 12) 

This is the connection for the most negative povver SUPpIy 
voltage. The typical current is 0.8 mA. Note the current for 
the output drive circuit is not returned through this pin, but 
through Pin 13. Vx-VEE shouid be greater than 0.8 V. 


NEGATIVE POVVER SUPPLY FOR OUTPUT 
CIRCUITRY AND INPUT DU (Vss. Pin 13) 

This is the love voltage level for the output pins of the 
MC 14433 (BCD, Digit Selects. EOC, ORi and the DU input. 
Vvhen this pin is connected to anatog ground, the output 
voltage 18 from analog ground to Vpp. Vihen connected to 
VEE, the output svang is from VEE to VDD. The allovvable 
operating range tor VSS is betveen VDD — 3.0 volts and 
VEE. 


END OF CONVERSION (EOC, Pin 14) 

The EOC output produces a positiva pulse at the end of 
esch conversion eycie. This pulse vaóth is equivalent to one 
half the period of the system cloct (Pin 11). 
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OVERRANGE (OR, Pin 15) 
The OR pin is lovv vhen Vx exceeds Vret. Normally it is 
high. 


DIGIT SELECT (DS4, DS3, OS2, DS1: Pins 16, 17, 18, 19) 

The digit select output is high vvhen the respective digit is 
selected. The most significant digit (M digit) turns on im- 
mediateiy after an EOC pulse follovved by the remaining 
digits, sequencing from MSD to LSD. An interdigit blantcing 
ume ot tvvo clocic periods is included to ensure that the BCD 
data has settled. The multiplex rate is equal to the clocx fre- 
queney divided by 80. Thus vvith a system cloch rate of 66 
Hz, the multiplex rate vvouid be 0.8 Hz. Relative timing 
among digital select outputs and the EOC signal is shoven in 
tne Oigit Select Timing Diagram, Figure 8. 


BCD DATA OUTPUTS (Q0, Q1, Q2, Q3, Pins 20, 21, 22, 23) 

Multiplexed BCD outputs contain 3 full digits of informa- 
von during DS2, 3, 4, vvhile during DS1, the Va digit, over- 
range, underrange and polarity are available. The adjacent 
truth table shovvs the formats of the information during DS1. 


POSITIVE POVVER SUPPLY (Vpp. Pin 24) 

The most positive supply voltage pin. VDD — VX shouid be 
greater than 2.5 V. VO — VEE shouló ba greater than 7.8 V. 
Vop determines VQH for the digital outputs, and VIH for the 
digital inputs. 


TRUTH TABLE (DSTe 1) 


NN -N 


Notes for Truth Table: 

Q3 — M digit, love for "1", high for "0" 

Q2 — Polarity: "l'a posive, "0" a negauve 

OO — Out ot range condition exists if QO- 1. VVhen used in con- 
junction vvith Q3 the tvpe of out ol range condition 18 in- 
dicated, i.6., Q3 m 0 —e OR or Q3 a 1 —e UR. 

Vvhen onty segment b and c af tha decoder are connected to tha 
V digit ot the display 4, O, 7 and 3 appeer 88 1. 

The overrange indicaton (Q3m0 and QQe 1) occurs ven the 

count is greater than 1989, e.g., 1.989 V for a reterenca ot 2.000 V. 
The underrange indication, usetul for sutoranging Circuits, : OCcurs 
ven the count is less than 180, 8.g., 0.180 V lor 8 ri lerence ot 
2.000 V. 
Ceution: If the most significant digit is Cconnected to a display other 
than a "1" only: such as a full digit display, segments other than b 
and c must be disconnected. The BCD to seven segment decoder 
must blant on BCD inputs 1010 to 1111. 


FIGURE 7 — ALTERNATE OSCILLATOR CIRCUITS 


la) Cryatal Oscillator Circuit 


IO pE CC1 and C24 200 pF 


(b) LC Oncillator Circuit 


ç 
EN tn Ve 


For La 5 mH and C m 0.01 pF. fa 32 XH2 


FIGURE 8 — DIGIT SELECT TIMING DIAGRAM 


coc—pl fa— 4 Cloct Cycie 


qar———pt 18 Cloci Cyctes 
DS1 IMSO) 
A Digit 


2 Cloci Cycles 


(Blanting Timel F— I 
DS2 


053 


054 
(LSOI 


19 16,400 Cloci Cyctes 
betvvesn EOC pulses 


DIARI NE 
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FIGURE 9 — INTEGRATOR VVAVEFORMS AT PIN 6 


FIGURE 10 — EQUIVALENT CIRCUIT DIAGRAMS OF THE 
ANALOG SECTION DURING SEGMENT 4 


Sun End OF TME TIMING CYCLE 
y y vo 4 
Time 3 4 8 solter Imegrator Comparstor 
Segmant Vx a 
Numbar 
Typical Pomtive R 
I Ingut Voltega . 
Vx Vx 
l l Typical Negauve - CJ 
. input Voltago 
CIRCUIT OPERATION 


The MC14433 CMOS integrated circuit, together vvith 8 
minimum number of external components, lorms a modified 
dual ramp A/D converter. The device contains the 
eustomary CMOS digital logic providing counters, latches, 
and multiplexing circuitry 28 veell 88 the CMOS analog Gir- 
cuitry providing operational amplifiers and comparators re- 
quired to implement a complete single hip A/D. Autozero, 
high input impedances, and autopolarity are lestures of this 
system. Using CMOS technology, an A/D veith a veide range 
Of povver Suppiy voltsge and love povver Consumption i8 NOVe 
available vvith te MC14433. - 

During esch conversion, the otfset voltages ot the internal 
amplitiers and comparators are compensated for by the 
syster's autozero operation. Also each conversion 'ratio- 
motricall/. messures the untnoven input voltaga. In other 
vvords, the output resding is the ratio of the uninoven 
voltage to the reference voltage vvith 8 ratio of 1 equal to the 
maximum count 1999. The entire conversion cycle requires 
slightiy more than 18000 cloch periods and may be divided in- 
to six different segments. The vvaveforms shovving tha con- 
version cycle vvith a positive input and 3 negative input are 
shoven in Figure 9. The six segments of these vvavelorms are 
described belovv. 


Segment 1 — The ofíset capacitor (Co). vehich compen- 
ates for the input ofísei voltages of the bulfer and inte- 


grator amplifiers, is charged during this period. Also, the 
integrator capacitor is shorted. This segment requires 4000 
cloct periods. 

Segment 2 — The integrator output decresses to the com- 
parator threshold voltaga. At this time 8 number of counts 
equivalent to the input olfset voltage ol the comparator is 
stored in the otfset latches for lster use in the sutozero pro- 
cess. The time for this segment is variable, and less than 800 
clocx periods. 

Segment 3 — This segment ot the conversion cvcle is the 
same a8 Segment 1. 

Segment 4 — Segment 4 is an up-going ramp cycle veith 
the untnovm input voltage (Vx) 2s the input to the inte- 
grator. Figure 10 shoves the equivalent configuration of the 
anatog section of the MC14433. The actual configuration ot 
the enalog section is dependent upon the potarity of the in- 
put voltaga during the previous conversion cycie. 

Segment S — This segment is a doven-going ramp period 
vat the reference voltege 28 (ha input to the integrator. 
Segment 5 of the conversion cycle hes a time equal to the 
number Of counts stored in the offset storage latches during 
Segment 2. As 9 result, the system zeros automatically. A 

Segmant 6 — This is an extension of Segment 5. The time 
period for this portion is 4000 cloci periods. The results of 
the A/D conversion cvele are determined in this portion ot 
the conversion cycie. 
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FIGURE 11 — 394 DIGIT VOLTMETER — COMMON ANODE DISPLAVS, FLASHING OVERRANGE 


MC1403 
Qu 


Vx 


0.1 pF 15 19 18 17 16 


0 Aqua 470 /Q lor 2 V Renge 
Aqua 27 X for 200 mV Range 
9 eo Mylar Capacitor 


45V e5V 


Minus Sign 
200 Q tgedcebae 
MPS-A12 Plus Sign I 


APPLICATIONS INFORMATION 


3M DIGIT VOLTMETER — COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 

An example of a 39: digit voltmeter using the MC14433 is 
shovm in the circuit diagram of Figure 11. The reference 
voltage for the system uses an MC1403 2.5 V reference IC. 
The full scale potentiometer can calibrate for 8 full scale ot 
199.9 mV or 1.989 V. VVhen svvitching from 2 V to 200 mV 
operation, Aj is also changed, as shovn on the disgrem. 

Vrhen using AC equal to 300 XD, the cloch trequency for 
the system is about 66 Hz. The resulting conversion time is 
approximately 250 m8. 

Vmhen the input is overrange, the display flashes on and 
ott. The flashing rate is one-half the conversion rate. This is 
done by dividing the EOC pulse rate by 2 vvith Ya MC140138 
flip-tlop and blantcing the display using the blanting input of 
the MC 146438. 


The display uses an LED display vvith common anode úigit 
lines driven vvith an MC145438 decoder and an MC1413 LED 
driver. Tho MC1413 contains 7 Darlington transistor drivers 
and resistors to drive the segments ot the display. Tho digit 
drive is provided by four MPS-A12 Darington transistors 
operating in an emitter. folover configuration. — The 
MC145438, MC140138 and LED displays are referenced to 
Veg via Pin 13 of the MC14433. This places the fu pover 
suppiy voltage scross the dispiay. The current for the display 
may be adiusted by the value of the segment resistors shovIn 
as 150 onms in the sbove figure. 

The povver suppiy for the system is shovmn 88 8 dual 45V 
suppiy. Hovvever, the MC14433 vell operat over a vvida 
range of voltages, and balance batveeen the 45 and —5 V 
supplies is not required. See the recommended operating 
conditions and Figure 1. 
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FIGURE 12 — 39 DIGIT VOLTMETER VVITH LOVV COMPONENT COUNT 


47QuÍ Op OlpF 


RVC, Ci COM 


Resistor Netveoric 


MC 14433 or Indnadual Resistors 


DS3 OS2 
DS4 

for Vret 2.000 V 
Vx: 1989 V full scale 


"for Vret 8 200 Q mV 
Vx: 199.9 mV full scale 
tchange 470 XO to Aj a 27 XQ 
and decimal point postion) Cathode 


9 VEE Can tange betveeen — 2.8 and 
— 11 V. Also see Figure 18 for 
negative suppiy generated from a 
positive suppIy. 


Display 


5/7 MC1413 
Digit Driver 


Alternate Overrange Circuit 
mith Separate LED 


34 DIGIT VOLTMETER VVITH LOVV COMPONENT 
COUNT USING COMMON CATHODE DISPLAYS 

The 34 digit voltmeter ot Figure 12 is an example of the 
us8 Of the MC 14433 in a system vvith a minimum of compo- 
nents. This circuit uses oniy 11 components in addition to 
the MC14433 to operate the MC 14433 and dnve the LED 
displays. 

in this circunt the MC14511B provides the segment drnve 
for the 34 digits. The MC 1413 provides sinh for digit cur- 
rent. (The MC 1413 is a device vvith 7 Daringtons vvith com- 
mon emtters.) The vvorst case digit current is 7 times the 
segment current at Ma duty cycle. The peal segment current 
is liruited by the value of R. The current for the display floves 
from Vp0 (45 VI to ground and does not flovv through the 
VEgE (negative) suppiy. The minus sign is controlled by one 
section of the MC 1413 and is turned off by shunting the cur- 
rent through RM, to ground, bypassing the minus sign LED 
The minus sign is denved from the Q2 output. The decimal 
point brightness is controlled by resistor App. Since the 
bnghtness and the type and size ot LED display are the 


or5V 


choice of the designer, the values of resistors R, AM. ROP. 
and RR that govern brightness are not given. 

During an overrange condition the 3/4 digit display ts 
blanted at the BI pin on the MC145118. The decimal point 
and minus sign vvill remar on during a negative overrange 
condition. in addition, an altermate overrange circuit vath 
separate LED is shoven. 


39 DIGIT VOLTMETER VVITH LCD DISPLAY 

A circuit for a 34 digit voltmeter vvith a liquid crystal 
display is shovvn in Figure 13. Three MC 145438 LCD latch/ 
decoder/ display drivers are used to demultiplex, decode the 
three digits, and drive the LCD. The half digit and polanty are 
demultiptexed veith the MC 140138 dual D fiip-flop. 

Since the LCD is best driven by an ac signal across the 
LCD, the lovv-frequency square vvave drive for the LCD is 
derived trom the MC140248 binary counter vehich divides the 
digit select output from the A/D. This lovv frequency square 
vvave is connected to the bachplane of the LCD and to the in- 
dividual segments through the combination of the output cir- 
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FIGURE 13 — 34 DIGIT VOLTMETER MITH LCD DISPLAY 


O.taF OO 47Oh O.tpF 


DD, 
"VV 


Ya MC 140708) 
A 


Plus Sign 


Ve MC 140708 


a 
de 
MC140138 
0 ei " 
C Ql 
S R 
ES AD 
La 


Minus Sign 


Cuntry of the MC145438B and the exclusive OR gates at the 
Outputs of the MC 140138. Alternativeiy the square vvave can 
be denved from a 50/60 Hz input signal vehen available. 

The minus sign and the decimal point to the right of the 
haif digit are connected to the inverted tovv frequency square 
vvave signal. Unused decimal points are tied directiy to the 
love frequency squara vvave. 

The system shoven operates from tvvo povver supplies 
(plus and munus). Alternativeiy one suppiy can be used vvhen 
VSS is connected to VEg. In this case a level must be set for 
analog ground, VAG. vehich must be at least 2.8 V above 
VEg. This circuit may be implemented vath 3 resistor net- 
vvorx, resistor/forvvard-biased diode netvvori or resistor- 
zener diode netvvorit. For example, a 9 V supply can be used 
vvith 3 V betvveen VAG and Veg, leaving 6 V tor VOD 10 
VAG. Thus system leaves a comfortable margin for battery 
degeneration tend of life). Tvvo versions of this circuit for 
single suppiy operation is shoven in Figure 14 

For panel meter operation from a single 5 V suppiy, a 
negative supply can be generated as shovva in Figure 18 


CV pcm0m8 


FIGURE 14 — TVVO CIRCUITS FOR GENERATION 
OF Vreg AND VAG FROM A SINGLE SUPPLY 
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334 DIGIT AUTORANGING MULTIMETER 

An autoranging multimeter including ac and de voltage 
ranges from 200 mV to 200 V, ac and de current from 2 mA 
to 2 A fuliscale and resistance ranges from 2 XQ to 2 MQ full- 
scale is shoven in Figure 15. In this multimeter onty tvvo input 
jacis are required for all ranges and functions, eliminating 
the need for changing leds on the instrument vrhen chang- 
ing ranges or functions. Although only four renges are pro- 
vided for esch function, the technique used may be expand- 
ed to more ranges if desired. Renge svvitching uses 
mechanical relays. Hovvever, the relays may be replaced vvith 
solid state ansiog svvitches. 

The MC14433 provides the overrange and underrange 
control signals for the automatic ranging circuits. For addi- 
tonal information, see Motorola Application Note AN-769, 
"Autoranging Digital Multimeter Using the MC 14433 CMOS 
A/D Converter. " 


PARALLEL BCD DATA QUTPUT CIRCUIT 

The output of the MC 14433 may be demultiplexed to pro- 
duce pareltet BCD data 88 shovvn in Figure 16. Tvvo tevets ot 
latches are required for a complete demultiplexing of the 
data since the Outputs ot the MC140428 latches change se- 
quentialiy vith the DS1 to DS4 strobe pulses. To tey output 
validity to one lesding edge, i.e., that of the EOC signal of 
the MC 14433, information is transterred to the second set of 
latches (MC141758 latclies). A single set of latches can be 
used vrhen reading of output is restricted to vvithin 12,000 
clocíc pulses alter EOC. This requires synchronous system 
operation vvith respect to the BCD data bus. 

In this system the output ground level is VSS. In most 
cases, 8 tvvo suppiy system vvith VSS connected to VAG is 
recommended. This allovvs connecting analog ground and 
digital ground together vvithout destroving a povver SUppIY. 
This circuit vvorts vvell vvith that ot Figure 12. 


FIGURE 16 — DEMULTIPLEXING FOR MC14433 BCD DATA 


Multiptexed 
DS1 DS2 BCD 
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Typical Applicatlons (Contnueg) 


Capacitor Hysterests Compensation 


OUtPU, 


L 
"Setect lor time stant Cf em — 
con: c 1004 


"'Adjust lor ampttude 


Definition of Terms 


Hold Step: The voltage step at the output ot the sample 
and hold vhen svitching from sample mode to hold mode 
vvilh a steady (dc) analog input voltage. Logic sving is SV. 
Acquisition Time: The time required to acquire a neve ana- 
log input voltage vvilh an output step ot 10V. Note that ac- 
quisition time is not just the time required for the output to 
settle, but also includes the time required (or all internal 
nodes to settle so that the output assumes the proper value 
vvhen svitched to the hold mode. 


Galn Error: The ratio ol output voltage svving to input volt. 


age sving in the sample mode expressed as a per cent 
dillerence. 


Dillterential Hotd 


"vg EN UE 

H0L0 M00€ 
o (Vg 1 Venat VMER EA 
SAMPLE 001 


LI 


TU/M/5692- 10 


Hold Settling Time: The time required lor the output to 
setlle vithin 1 mV ot linal value alter the "hold" logic com. 
mand. 

Oynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV vith a 
given hold capacitor value and input slevv rate. Noto that 
this error term occurs even for long sample times. 
Aperture Time: The delay required betveen "Hold'' com. 
mand and an input analog transition, so that the transition 
does not atlect the heid output. 


CIRCUITS DE MOSTREIG/RETENCIÓ -9 


Typical Applications i(conunueg) 


Synehronous Corretator (or Recovering 
Signals Belove Nolsa Level 2-Channel Suitch 


ad 


QUIPUI FALQUENCY 
SET 0Y Sat Le RATE 


L 


TA" SELECI 
Aires 
SVUCMAONOUS 
ClOCa met Egea iq Es 
"pg SELECT 


"a" mPUT 


8 rien IE. 
I 


Gain 1 £ 00290 1 £ 0.290 


ZN 101042 47 

BV a 4 MHz a 400 hHz 
Crosstall. — 90 dB —90 dB 

Q i hHz 


Ollset s 6 mV S 15 mV 


qaeo 


10 SC0P€ SEP 
QUEPUT. SCALE A) 
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100014182 90 10 )V component ol input nose 
DUI rSeleci C2 0 2 5 x 10. 8/p 
DC 8. AC Zerolng Stalrcase Generator 
113 LL 
Vos 
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Q 


mana 
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"Sotect lor step hemght 
SO — am 1V Slep 
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Typical Applications (continveg) 


. Ramp Generator veith Vartable Reset Levet Integrator veith Programmable Reset Level 
v 


ae. le 


OU TENtA MAL 
PATEGRAUING 
ueyr 


4 Bg 
Derpi pligà rato 4f 2) CE 
Re 
vem 
í ' 19 
Von ttovosa e (ans fetes) e (ve 
Output Holés at Average ot Sampled Input increased Steve Current 
ca an Ri 
peloci RNA): 2t (Min) z 
Reset Stabilized Amplifler (Galn of 1000) Fast Acquisition, Lovv Droop Sampte 8: Hold 
hr i v9v 19v. 


O OVtPur 


is0uT O I E Pet t 
se jq En 


3 P 
pi: LL. atser Patst 


atm 
Vos S 20uV (No nm) 3 
Zn SE DM un 


AVos 
1032 V/sec 
X) 3OuV/9: 


AV 
aa SE Q.tuV/C 
1L/M/5892-0 
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Functlonal Diagram 


OFFSEL 


MmPyt 


LOGIC 


LOGiC 
REFERCNÇE 


MQLO 
CAPACITOA TL/M/5692-1 


Typical Applications (Continveg 


Samptle and Dilterence Circuit 


X 1000 Sampte 4. Hoid 
(Output Folloves Input in Ho/d Mode) 


pp Der 
TRACR 


Vour " Ve t OVINÍHOLD MODE) 
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Viyg 
"For lovrer gams, no LM108 must ba lrequency compensated 
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Application Hints 
Hold Capacitor 


Hoid step, acquisition time, and Groop rate are the major 
trade-olts in the selection of a hold capacilor value. Size 
and cost may also become important lor larger values. Use 
ol the curves included vith this data sheet shouid be helptut 
in selecting a reasonable value ot capacitance. Xeep in 
mind that (or tast repetition rates or traching tast signats, the 
Capacitor drive currents may cause a significant tampera- 
ture rise in ihe LF 198. 

A signilicant source ol error in an accurate samplo and hold 
Circuit is dielectric absorption in the hold capacitor. A mylar 
cap, for instance, may "8ag bacx" up to 0.294 after a quiciç 
change in voltage. A long "soal" time is required belore the 
Circuit can be put bach into the hold mode vith this type ot 
capacitor. Diglectrics vvith very love hysteresis are polysty- 
rene, polypropylene, and Tellon. Other types such as mica 
and polycarbonatg are not neariy a3 good. Ceramic is unus- 
able vvith X. 194 hysteresis. The advantage ol polypropytene 
over polystyrene is that it extends the maximum ambient 
temperature from 85"C to 100C. "NPO" or "COG" capaci. 
tors are novv available (or 125'C operation and also have 
lover dielectric absorption. For more exact data, see the 
curve Dielectric Absorption Error. The hysteresis numbers 
on the curve are final values, taxen alter full relaxation. The 
hysteresis error can be significantiy teduced if the output ot 
the LF 198 is digilized quictdy alter the hold mode is initiated. 
The hysteresis relaxation time constant in polypropylene, lor 
instance, is 10—S0 ms. ll A-to-D conversion can be made 


vvithin 1 ms, hysteresis error vill be reduced by a factor ot 
ten. 


DC and AC Zerolng 


DC zeroing is accomplished by connecting the ollset adjust 
pin to the vriper of a 1 Rit potentiometer vehich has one end 
tied to V' and the other end tied through a resistor to 
ground. The resistor shouid ba selected to give 20.6 mA 
through the th potentiometer. 

AC zeroing (hold step zeroing) can be obtained by adding 
an inverter vvilh the adjustment pot tied input lo output. A 
10 pF capacitor from the vviper to the hold capacitor vvill give 
£ 4 MV hold step adjustment vvith a 0.01 4 F hold capacitor 
and SV logic suppiy. For larger logic svvings, a smaller ca- 
pacitor (€ 10 pF) may be used. 


Logic Alse Time 


For proper operation, logic signals into the LF 198 must have 
a minimum dV/dt ol 1.0 V/us. Slover signals vull cause 
excessive hold step. ll a R/C netvvortç is used in Iront of the 
logic input tor signal delay, calculate the slope of the vave- 
torm at the threshold point to ensure that it is at least 
1.0 V/us. 


Sampling Dynamic Signals 


Sample error to moving input signals probably causes more 
contusion among sample-and-hoid users than any other pa- 
rameter. The prmary reason lor this is thal many users 
mate the assumption that the sample and Hold amplitier is 
truly loched on to the imput signal vehidte in Ihe sample mode 
in actuality, there are finite phase delays through the circuit 
creating an input-output ditlerential tor tast moving signals 
in addition, although the output may have setlled. the hold 
capacitor has an additional lag due to the 30041 seres resis- 


- 


tor on the chip. This means that at the moment the "hold" 
command arrives, the hold capacitor voltage may be some- 
vehat dillerent than (he actual analog input. The ellect ot 
these delays is opposite to the ellect created by delays in 
the logic vhich svvitches the circuit from sample to hold. For 
example, consider an analog input of 20 Vp-p at 10 RHz. 
Maximum dV/dt is 0.6 V/us. VVilh no analoc phase delay 
and 100 ns logic delay, one could expect up to (0.1 us) 
(0.6V/ps) s. 60 MV error it the "hold" signal arrived near 
maximum dV/dt ol ihe input. A positiva-going input vvoutd 
give at 60 mV error, Novv assume a 1 MHz (3 dB) band. 
vidih for the overall analog loop. This generates a phase 
delay ot 160 ns. ll the hold capacitor sees this exact delay, 
then error due to analog delay vvili be (0.16 jes) (0.6 V/jus) 
s. —96 MV, Total output error is t 60 mV (digital) — 96 mV 
(anatog) for a total ol — 36 mV. To add to the conlusion, 
analog delay is proportioned to hold capacitor value vvhile 
digital delay remains constant. A family ot curves (dynamic 

sampling error) is included to help estimate errors. 

A curve tabeled Aperture Time has been included (or sam.- 

pling conditions vvhere the input is steady during the sam. 

pling period, but may experience a sudden change nearty 

coincident vvith the "hold'" command, This curve is based on 

a 1 mV error fed into the output. . 

A second curve, Hold Seltling Time indicates the time re- 

quired for the output to settle to 1 mV alter the "hold" com. 

mand. 


Digital Feecthrough 


Fast rise time logic signals can cause hold errors by teeding 
externally into the analog input at the same time the amptiíi- 
er is put into the hold mode. To minimize this problem, 
board layout should xeep togic lines 83 far as possible from 
the analog input. Grounded guarding traces may also be 
used around the input line, especially il it is driven (rom 8 
high impedance source, Reducing high amplitude logic sig- 
nais to 2.5V vvill also help. 


Guarding Technique 


gener 
a01v8t 


Logie 
a aLuCE 


Caracitga 
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Use 10-pin layout. Guard around Cy ts tled to output. 


CIRCUITS DE MOSTREIG/RETENCIÓ — 


Typlcal Performance Characteristics (Conunueg) 
Output Transient at Start Output Transient at Start 
ot Sample Mode ot Hold Mode 


60) 
40 
20 
"20 
40 
-ç60 
0 02 0. 


4 0.6 0810. 1.2 14 16 


Pet (V) 


ANPUITUDE (mv) 
o 


0 05 10 18 20 28 30 35 49 
Mt Qua) T4/H/5692- 12 TBE (us) 1U/M/5692-13 


Logic Input Configurations 


TTL 8 CMOS 
3V s V, (HI State) s 7V v 


saunt 
noL0 
n010 de Le 
Tivoshoid 2 1.4V Nveshord m y.4V 
"Solect tor 2.8V at pin 6 


CMOS 
v TV s Vi, (HI State) s 15V 
Q 
Im 
saue T 30 E gi bE 
ge A LL 
Threshold € O6(V') tt 4V Tia EU eta 
Op Amp Drive 


Tiveshoid Et 4V 
Tiveshold mx. —4V 1L/H/5692-6 
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Typical Performance Characteristics (Continued) 
"AI cebeis Rate Hold i 


h hi 
uU 
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"See defirtion 
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Electrical Characteristics (Continued) (Note 3) 


Xecs RB ma 
input Ollset Voltage, (Note 6) Tje 25'C 
Full Temperature Range 
input Bias Curront, (Noto 6) T,- 25'C 
- Fut Tomporaturo Rango 
input impedance T, 7 25'C 


Gain Etror Ti 5 25'C, Ap 2 10h 
Full Temperature Range 


oo 
28 
"ga 


Feedthrough Altenuation Ratio 
at dhHz 


Output impedance 


T,E 25'C, Ch 2 001 4F 


Tj 5 25'C, "HOLD" mode 
Full Temperalure Range 


Tj 8 25'C, Ch 2 0.014F, Vour 3 O 
T225'C 


"HOLD" Step, (Note 4) 
Supply Current, (Note 6) 


Logic and Logic Reterence Input 
Current 


Leahage Current into Hold 
Capacitor (Note 6) 


Acquisition Time to 0. 1 96 


Ti 25'C, (Note 5) 
Hold Mode 


AVouT " 10V, Ca — 1000 pF 
Ca 5 0.01 uF 


Hold Capacitor Charging Current 


Viu" Vour 5 2V 

Supply Voltage Rejection Ratio Vour 5 0 
Dillerantial Logic Threshold Tjs 25'C 

Mote 1: The marimum junction temperature ot Mo LF 198/LF 198A is 150"C, for tho LF 298, i 15'C, and tor tho LF398/LF3984, 100'C. Ven oparating al etevated 

embsent temperaturo, tho povrer dissipation must be detatod ba3od on a inormat rusistance (By) ot 150'C/VV 


Mato 2: ANhough iho diltorential voltago may not exceed iho imits grven, the common: mode voltage on the logic ping may be equel to (ho suppty voltagos mthout 


Causing damago to tho circur. For proper togec operation, hovever, one ol the logec pins must alvays bo at teast 2V batov tho positiva suppiy and J3V above Me 
nogaUve LpPIy. 


Note 3: Untoss omermse spocitiod, the lotomig conditions appiy Unit i3 in "samplu" modo, Vg —. 1 15V, Tj — 25'C, -11.5V dl Viy i l HI SViCa — 001 MF. 
and A, 2 10 441. Logec rotorence voltage v OV and togec vollaga a. 2.5V. 


Hote 4: Hold step is sensitive to stay capaciuve couping botxoen input togic signals and ihe hoid capacitor. 1 pF, lor instance, vall create an aóutionat O 5 mV 
step vathi a 5V logic svang and a 0 OtuF hold capacitor. Magmtude ol the hold step 13 inversaty proportional to hold capacilor value. 


Note 5: Leahaga current is messured at a juncbon temperature ot 25'C. The ellects ot junction temperatura 156 due to povrer dissipalion or olavaled ambient can 
be caloudated by doubting the 25'C value for each 11"C increase in ctup temporature. Loaltaga is quarantged over turt input signat range. 


Note 8: These paramoeters guaranteod over a suppiy vollage range ot t5 to t 18V, and an mput range ol — Vs t 35V 8 Viu S Vs - 35V 


Typical Performance Characteristics 


Dielectric Absorption 
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Supply Voltage 


LF 198/LF 198A 
LF 298 
LF398/LF398A 
Storage Temperatura Ranga 


Parameter 


Pover Dissipation (Pactage Limitation) (Note 1) 
Operaling Ambient Temperature Range 


Absolute Maximum Ratings 


 Military/Aerospace specilied devices are required, 
contact the National Semiconductor Sales Oflice/ 
Olstributors for avallability and specitications. 


oo 4 18V 
500 myV 


—55'C to t 125'C 
—25'Cto 4 85'C 
d'Cto t 70'C 
—65'C to t 150'C 


Electrical Characteristics (Note 3) 


Input Voltage Equal to Suppliy Voltage 
Logic To Logic Relerence Difterentiat Voltage. 4 7V, — 30V 
(Note 2) 


Qutput Short Circuit Duration Indefinite 
Hold Capacitor Short Circuit Duration 10 sec 
Lead Temperature (Soldering, 10 seconds) 260'C 


Thermal Resistance (04a) (typicals) 
H pachage 215'C/VV (Board mount in still air) 
85'C/VV (Board mount in 400LF /min gir ftov) 


Input Oltset Voltage, (Note 6) 


input Bias Current, (Note 6) 


Input Impedance 


Gain Enror 


Feedthrough Atlenuation Ratio 
at i Hz 


N pachage 115'C/VV 
Ojc (typlcal) 20'C/VV 
Conditions EE log/LE298 EREr UE398 Units 
Rei Trp LLEI LLUI) po L'ULL) 
Tps 25'C 1 3 mV 
Full Temperature Range 5 


Tps 2S'C 
Full Temperature Range 


Tp 5 25'C, Au —. 10H 
Full Temperatura Range 


T m 25'C, Ch 5 0.01 uF 


Ti 5 25'C, "HOLD" mode 


ES 
ss 


Output impedance 0.5 2 

Full Temperature Range 4 
"HOLO" Step, (Note 4) Tp 5 85'C,Cn 5 0.01 uF, Voyr € O 0.5 2.0 
Supply Current, (Note 6) Tja 25'C 45 510 
Logic and Logic Reterence Input j Tj — 25'C 2 10 
Current Ll 
Leahxage Current into Hold T) s 25'C. (Note 5) 30 100 
Capacitor (Note 6) Hold Mode L 
Acquisition Time 10 0. fe GVour S 10V, Ch s 1000 pF 4 

Ca 7 001 pF 20 J 
Hold Capacitor Charging Current I Viu -Vour s 2V 5 L 
Supply Voltaga Rejection Ratio 4) Vour 7 0 1 80 110 
i 

Differential Logic Threshold Tos 2S'C 08 1.4 2.4 
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National 
Semiconductor 
Corporation 


LF198/LF298/LF398, LF198A/LF398A 
Monolithic Sample and Hold Circuits 


General Description 


The LF198/LF298/1F398 are monolithic sample and hold 
circuits vhich utilize BI-FET technology to obtam ultra-high 
de accuracy vith last acquisition of signal and love droop 
rate. Operating as a unity gain tollover, dc gain accuracy is 
0 00254 typical and acquistion time is as lov as 6 us to 
00192. A bipolar input staga is used to achieve love ollset 
voltage and vide bandvvidih. Input ottset adjust is accom- 
plished vvith a single pin, and does not degrade input oliset 
duft. The vide bandmdih allovs the LF 198 to be included 
inside the leedbach loop ot 1 MHz op amps vithout having 
stability problems. Input impedance of 10104 alloves high 
source impedances to be used veithout degrading accuracy. 


P-channeljunction FE T's are combined mith bipolar devicesin 
the output amplifier to give droop rates as lovv as 5 mV/min 
mih a 1 uF hold capacitor. Tha JFET's hava much lover 
noise than MOS devices used in previous designs and do 
not exhibit high temperature instabitities. The overall design 
guarantees no teed-through trom input to output in the hold 
moda, even for input signals equal to the supply voltages. 


Features 
m Operates lrom i SV to £ 18V supplies 


a Less than 10 us acquisition time 
m TTL, PMOS, CMOS compatible fogic input 


0.5 mV typical hold step at Ca 0.01 uF 

Lov input ollset 

0.00296 gain accuracy 

Love output noise in hold mode 

input characteristics do mot change during hold mode 
High supply rejection ratio in sample or hotd 

VVide bandvidih 


Logic inputs on the LF 198 are lully dilterential vvith lovv input 
current, alloving direct conmection to TTL, PMOS, and 
CMOS. Dilferential threshold is 1.4V. The LF 198 vvill oper- 
ato (rom £5V to £ 18V supplies. It is available in an B-lead 


TO-5 pachrage. 
An "A" version is available vvith tightened electrical speciti- 
cations. 


Typical Connection and Performance Curve 


Connection Diagrams 


Duat-in-lL.ine Pacxage 


Orrser 2 
ADiUST 


LOGIC 
REFERENCE 


iNPUT 


tor vita 


Order Number LF 3986N or LF398AN 
See NS Pachage Number NO8E 


Acquisition Time 


TIME La 


MOLO CAPACITOR (ef) TU/M/5692- 2 


Metal Can Paciage 


LOGIC 
REFERENCE 


OftsET 
AQJuST 


109 vita 


Order Number LF 198H, LF298H, MES t ae 


LF398H, LF 198AH or LF398AH 


See NS Pachtage Number H08C 
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FIGURE 17 — CHANNEL DATA ACQUISITION MARDVVARE 


8 
$ 


8 CHANNEL DATA ACQUISITION NETVVORIC 

Figure 17 shovvs an 8-channel data acquisition netvvoric us- 
ing the MC14433 and an MC6800 microprocessor system. 
The intertace betvveen the microprocessor data bus and the 
A/O system i8 done vath an MC6821 PIA. One halt of the 
PIA is used vvith the BCD and digit select outputs of the 
MC 14433, vvhile the second half of tha PIA selects the chan- 


Address 
Bus 


nel to be measured via the MC14051B analog multiplexer. 
Control lines CB1 and CB2 are used for data flovy control and 
are connected to DU and EOC of the MC 14433. 

A more detailed explanation of this system including the 
actual softvvare required for the M6800 ricroprocessor may 
be found in Motorola Application Note AN-770, "Data Ac- 
quisition Netvvorics VVith NMOS and CMOS.'" 


FIGURE 18 -. NEGATIVE SUPPLY GENERATED FROM POSITIVE SUPPLY 


1/6 MC 1404908 


Vooe5V 71 
Vssa0V 16 
MC14049U8 


MB MC14049U8B. 1/6 MC14048U8 ID 
1/6 


SIOR O O24F rr 


NEGATIVE SUPPLY GENERATED FROM POSITIVE 
SUPPLY 

VVhen only 45 V is avaiable, a negative Suppiy voltage 
can be generated vvith the circuit of Figure 18 using one 
MC14049UB. Tvvo inverters from CMOS hex inverter are 
used as an oscillator (m3 Hz) vvath the remaining inverters 
used as bufters for higher current output. The square vvave 
output trom the oscillator is levet- translated to a negative go- 
ing signal. This signal is rectitied and tiltered. A VO p voltage 
Of 45 V for the hex bulfer vvill resultin a — 4.3 V no load out- 
Put voltage vehile the output veith a 2 MA load is m3.4 V 


" Vout tO VEE 
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National 
Semiconduetor 
Comporation. 


LM131A/LM131, LM231A/LM231, LM331A/LM331 
Precision Voltage-to-Frequency Converters 


General Description 

The LM131/LM231/LM331 family ot voltage-to-trequency 
converters are ideally suited for use in simple lovv-Ccost Cir- 
cuits for analog-to-digital conversion, precision trequency- 
to-voltage conversion, long-term integration, linear frequen- 
ey modulation or demodulation, and many other tunctions. 
The output ivhen used as a voltage-to-frequency converter 
is a pulse train at a frequency precisely proportional to the 
applied imput voltage. Thus, it provides all the inherent ad- 
vantages of the voltage-to-lrequency conversion tech- 


niques, end is easy to apply in all standard voltage-to-fre- : 


quency converter applications. Further, the LM131A/ 
LM231A/LM331A attains a nevv high level of accuracy ver- 
ana temperatura vici coud anty ha altanad villi axpan- 
alva voltaga ta taquenay modutan, Additonlty Un EMESL 
ls ideally sulted for use in digital Systems at lovr povrar sup- 
ply voltages and can provide lovi-cost analog-to-digital con- 
version in microprocessor-controlled systems. And, the fre- 
quency from a batlery povered voltage-to-lrequency con- 
vartar cen ba onally chamnolad lirough a slmpla pliotoleola- 
-lor to ptovido solatlon agalnst high common modo lovols. 
The LM131/LM231/LM331 utllizes a nov tomporature- 
compensatod band-gap relerence circult, to provido excel- 
lent acci racy over the full operating temporaturo range, at 
povror 8'ipplios a8 lovv a8 4.0V. Tho procislon timor circuit 


has lovv bias currents vithout degrading the quicle response 
mecessary for 100 Hz voltage-to-frequency conversion. 
And the output is capable ot driving 3 TTL loads, or a high 


. voltage output up to 40V, yet is short-circuit-proof against 


Vec. 


 Features 


m Guaranteed linearity 0.019e max 

m improved performance in exsting voltage-to-frequency 
conversion applications $ 

m SPplit or single suppiy operation 

m Operatea on single 5V supply È me 

a d'ithe citat compettta vitii all dacia (tus Ú 

m Excellent temperature stability, 3 50 pprm/'C mat" 

us Lov pover dissipation, 15 mVV typical at 5V 

a VVide dynamic range, 100 dB min at 10 Hz full scale 
trequency 

a VVido ranga ot ull ecale fraquoncy, 1 Hz to 100 Hz 

um Lov cost 


Typical Applications 
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FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter 
vilth £0.0396 Typlcal Linearity (1 — 10 Hzto 11 XH2) 
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Typical Performance Characteristics 
(All electrical characteristics appty for the circuit of figure 3, uniess othenvise noted.) 
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Typical Applications (Continued) 


PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOLTAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed (or accuracy and 
versatile operation vhen applied as a voltage-to-trequency 
(V-to-F) converter or as a frequency-to-voltage (F-to-V) con- 
vertar. A simplified bloc diagram of the LM131 is shovvn in 
Figure 2 and consists of a svvitched current source, input 
comparator, and 1-shot timer. 

The operation of these blocs is best understood by going 
through the operating cycle of the basic V-to-F converter, 
Figure 2, vehich consists of the simplified blocic diagram of 
the LM131 and the various resistors and capacitors con- 
nected to it. 

The voltage comparator compares a positive input voltage, 
V1, at pin 7 to the voltage, V,, at pin 6..If V1 is greater, the 
comparator vvill trigger the 1-shot timer. The output of the 


timer veill turn ON both the frequency output transistor and :: 


the svitched current source for a period t— 1.1 RG. During 
this period, the current i vvill flovv Out Of the svvitched current 
source and provide a fixed amount of charge, Q —i X t, into 
the capacitor, C,. This vill normally charge Vx up to a higher 
level than V1. At the end of the timing period, the current i 
vell turn OFF, and the timer vvill reset itself. 

Novv there is no current floving from pin 1, and the capaci- 
tor Ci vill be gradually discharged by R, until V, falls to the 
level ot V1. Then the comparator veill trigger the timer and 
start another cycle. 

The current llovving into C, is exactly layc — i X (1.1 X RiC) 
x f, and the current flovving out of. C, is exactiy V,/R, ss 
Viy/R. If Vi is doubled, the frequency viill double to main- 
tain this balance. Even a simple V-to-F converter can pro- 
vide a frequency precisely proportional to its input voltage 
over a vide range of frequencies. 


2) Satento 


ET Ger 


VuoGie 


FREQUENCY 
outeyr 


TL/H/5680 - 4 
FIGURE 2. Simplifled Blocx Diagram ot Stand-Alone 
Voltage-to-Frequency Converter Shoving LM131 and 
External Components 


DETAIL OF OPERATION, FUNCTIONAL BLOC 
DIAGRAM (F/GURE fa) 

The bloc diagram shovvs 8 band gap reference vehich pro- 
vides a stable 1.9 Vpc output. This 1.9 Voc is vvell regulated 
over a Vs range of 3.9V to 40V. It also has a flat, tov tem- 
perature coefficient, and typicaliy changes less than Ya9e 
over a 100"C temperature change. 

The current pump circuit forces the voltage at pin 2 to be at 
1.9V, and causes a current is 1.90V/Rs to flov. For 
Res 14h, is 135 uA. The precision current reflector pro- 
vides a current equal to i to the current sviitch. The current 
svitch svitches the current to pin 1 or to ground depending 
on the state of the Rs flip-flop. 

The timing function consists of an As flip-flop, and a timer 
comparator connected to the external Ri Ce netvvort. VVhen 
the input comparator detects a voltage. at pin 7 higher than 
pin 6, it sets the Rs llip-llop vihich turns ON the current 
svitch and the output driver transistor. VVhen the voltage at 
pin 5 rises to 34 Vec, the timer comparator causes the Rs 
tlip-tlop to reset. The reset transistor is then turned ON and 
the current svitch is tumed OFF. 

Hovvever, if the input comparator still detects pin 7 higher 
than pin 6 vhen pin 5 crosses 34 Vec, the tlip-flop viill not 
be reset, and the current at pin 1 vvill continue to flov, in its 
attempt to mate the voltage at pin 6 higher than pin 7. This 
condition vvill usually appiy under start-up conditions or in 
the case ot an overload voltage at signal input. It should be 
noted that during this sort of overtoad, the output frequency 
vil be O, as soon as the signal is restored to the vrorting 
range, the output frequency vrill ba resumed. 

The output driver transistor acts to saturate pin 3 viith an 
ON resistance of about 50N. In case of overvoltage, the 
output current is actively limited to less than 50 mA. 


The voltage at pin 2 is regulated at 1.90 Vpc lor all values of 
i betveen 10 A to 500 uA. It can be used as a voltage 
reference for other components, but care must be taxen to 
ensure that current is not taten from it vvhich could reduce 
the accuracy of the converter. 


PRINCIPLES OF OPERATION OF BASIC VOLTAGE- 
TO-FREQUENCY CONVERTER (FIGURE 1) 

The simple stand-alone V-to-F converter shovn in Figure 1 
includes all the basic circuitry of Figure 2 plus a fevy compo- 
nents for improved performance. 

A resistor, Riy — 100 xA £ 1024, has been added in the path 
to pin 7, so that the bias current at pin 7 (—80 nA typical) 
vill cancel the offect of the bias current at pin 6 and heip 
provide minimum frequency ofíset. 

The resistance Rs at pin 2 is made up of a 12 Xn fixed 
resistor plus a 5 RA (cermet, preferably) gain adjust rheo- 
stat. The function of this adjustment is to trim out the gain 
tolerance of the LM131, and the tolerance of Ri, Re and Gi. 


—— 
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Typical Applications (continues) 

For best results, all the components should be stable lovv- 
temperature-coelficient components, such as metal-film re- 
sistors. The capacitor should have love dielectric absorption: 
depending on the tamperature characteristics desired, NPO 
ceramic, poiystyrene, Teflon or polypropyiene are best 
suited. 

A capacitor Ciy is added from pin 7 to ground to act as a 
tilter (or Viu. A value 0( 0.01 uF to 0.1 pF vill bo adequate in 
most cases: hovever, in cases vrhere better filtering is re- 
quired, a 1 uF capacitor can be used. VVhen the AC time 


constants are matched at pin 6 and pin 7, a voltage step at : 


Viy vill cause a step change in four. lt Ci is much less 
than CL, a step at Viy may cause four to stop momentarily. 


A 47N resistor, in series vvith the 1 uF C4, is added to give 


6 


hysteresis elfect vvhich helps the input comparator provide :: 


the excellent linearity (0.036 typical). 


DETAIL OF OPERATION OF PRECISION V-TO-F 
CONVERTER (F/GURE 3) 

in this circuit, integration is performed by using a conven- 
tional operational amplifier and teedbach capacitor, Cr. 
VVhen the integrator's output crosses the nominal threshold 
level at pin 6 of the LM131, the timing cycle is initiated. 


/ Viu 
/ -10V 
/ FULL SCALE 


ta 1004 2 1096 


vs 
OPTIONAL 
OFFSET ADJUST 


TQ4 TO 14 — 


The average current (ed into the op amp's summing point 
(pin 2)isi X (1.1 RiGa) X f vrhich is pertectiy balanced vith 
—VIN/AiN. In this circuit, the voltage ottset ot the LM131 
input comparator does not afíect the ofíset Or accuracy of 
the V-to-F converter as it does in the stand-alone V-to-F 
convarter, nor does the LM131 bias current or olfset cur- 
rent. Instead, the olíset voltage and ofíset current ol the 
operational amplifier are the onty limits on hov small the 
signal can be accurately converted. Since op amps viith 
voltage offset vell belovv 1 mV and otíset currents vell be- 
lovv 2 nA are avallable at lovv cost, this circuit is recommend- 
ed for best accuracy for small signals. This circuit also re- 
sponds immediately to any change of input signal (vhich a 
stand-alone circuit does not) so that the output frequency 
vill be an accurate representation Of Vi, 88 quictey. as 2 
Output pulses' spacing can be measured. 

in the precision mode, excellent linearity is obtained be-. 
cause the current source (pin 1) is alvrays at ground poten... 
tial and that voltage does not vary veith Viy Or four- (In the 
stand-alone V-to-F converter, a major cause ot non-linearity 
ig the output impedance at pin 1 vvhich causes i to change 
as a function of ViN). 

The circuit of Figure 4 operates in the same vvay as Figure 3, 
but vvith the necessary changes for high speed operation. 
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"Use stable components vath love temperature coefficients. See Typical Applications section. 
"This resistor can be 5 RN or 10 hit tor Vs € 8V to 22V, but must be 10 híl lor Vg " 4.5V to 8V. 
"Usa love offset voltage and love otlset current op amps lor Ai: recommended types LM 108, LM308A, LF411A 


FIGURE 3. Standard Test Circuit and Applications Circuit, Precislon Voltage-to-Frequency Converter 
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Absolute Maximum Ratings (Noto 1) 
11 Milltary/Aerospace epecitled devices are required, contact the National Semiconductor Sales Oflice/Distributore tor 
avallability and specificatlions. 


LMI31A/LM131 LM231A4/L.M231 LM33TA/LM331 
Supply Voltage 40V 40V 40V 
Qutput Short Circuit to Ground Continuous Continuous Continuous 
Output Short Circuit to Vec Continuous Continuous Continuous 
tnput Voltage —0.2V to t Vg —0.2V to t Vg —0.2V to t Vg 
TuiN —TMAX TuiN —TMAX TuiN —TMAX 
Operating Ambient Temperature Range —55'C to 4 125'C —25'C to Y 85'C 0'C to 4 70'C 
Povrer Dissipation (Pg at 25'C) 
and Thermal Resistance (6j4) 
(H Pachage) Po 670 mVy 570 mVV S70 mVV 
OA 150"C/VV 150'C/VV 150'C/VV 
(N Pachage) Po 500 mVV 500 mVV 
GjA 155"C/VV ) 155'C/VV. 
Lead Temperature (Soldering, 10 sec.) i x 
Dual-ln-Line Pacirage (Plastic) 260'C 260'C LO 260'C 
Matal Can Pacxage (TO-5) 260'C 280'C 280'C 
ESO Susceptibllity (Note 4) TBOV TBDV TBO V 


Electrical CharacteristiCs r, - 25'C uniess othomise specifled (Note 2) 


Parameter Conditions Poma To Typ Po Ma o) :. Units 


VFC Non-Linearity (Note 3) 4.5V s Vs s 20V 10.003 X0.01. 4. £ Full 
Scala 
IMiN "e TA " TMAX 1 0.006 10.02 96 Full. 
Scale 
VFC Non-Linoarity i : Vg — 16V,( m 10Hzlo 11 RH 4 0.024 10.14, So Full. 
In Circuit ot Figure 1... —. Scale 
Conversion Accuracy Scale Factor VINS —10V, Rg S 14 RN: 
(Galn) 
LM131, LMI31A, LM231, LM231A 0.95 1 4 RHz/V 
UM33 1, LM33 A 0.90 hHz/V 
Temperature Stability of Gain TMIN S TA S TmMAx. 4.5V s Vs S 20V 3 i . 
UM131/LM231/LM331 130 1150 J ppm/'C 
LM131A/LM23 1 A/LM331A t 20 t50 Ppm/'C 
Change of Galn vvith Vs 4.5V sVsg s 10V 0.01 PV 
10V z Vg 8 40V P/V 
Hatad Vull Scala Craquanay Vi —10V 
Gain Stabillty vs Time. TMIN S TA $ TMAX 
(1000 Hrs) 
Overrango (Boyond Full-Scalo) ViNT 7 MV 
Froquancy 
INPUT COMPARATOR 
Ottset Voltage 
UM131/LM231/LM331 TMIN S TA S TMAX 
LM131A/LM231A/LM33 TA TMN $ TA S TMAX 
Nias Curant 
Oltsat Currant 
EES T 
Common-Modo Rango TMiN S TA 8 TMAX 
TIMER 
Timer Threshold Voltage, Pin 5 
input Bia3 Current, Pin 5 Vs 7 15V 
All Davicas OV-.VpiNg ". 8.9V 
LM131/LM231/LM331 Veips — 10V 
LM131A/LM231A/LM331A Vpiys FS 10V 
VSAT PIN 5 (Reset) ls SmA 
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Electrical Characteristics r, - 25:C unless othervise specified (Note 2) (Continued) 
Parameter i Conditions Mn I Typ I Max Units 
CURRENT SOURCE (Pin 1) 


Output Current 
LM131, LM131A, LM231, LM231A 
UM331, LM331A 


Change vath Voltage 


Current Source OFF Lealage 

LM131, LM131A 

LM231, LM231A, LM331, LM331A 
All Devices 


Operating Range of Current (Typical) 
REFERENCE VOLTAGE (Pin 2) 


LM131, LM131A, LM231, LM231A 
LM331, LM331A 


Stability vs Temperature 

Stability vs Time, 1000 Hours 

LOGIC OUTPUT (Pin 3) 
VSaT 


Rg 14 EN, Voiy 170 
126 


OV SVpip 45 10V 


I-5mA 
1- 3.2 mA (2 TTL Loads), TMIN STA STMAX 


OFF Leaage 
SUPPLY CURRENT 


LM131, LM131A, LM231, 
LM231A — — 
LM331, LM331A 


Note 1: Absolute Maximum Ratings indicate limits beyond vhich damage to the device may occur. DC and AC electrical specifications do not appiy ven operating 
the device beyond lis specified operating conditions. 

Note 2: AS specifications eppty in the circult of Figure 3, vith 4.0V s Vs $ 40V, uniess otherviise noted. 

Note 3: Noniinearity ls dofined as the deviation ot foyr from Viy X (10 xHz/ — 10 Voc) ven the circuit has been trimmed for zero error at 10 Hz and at 10 tHz, 
over the frequency renge 1 Hz to 11 xHz. For the timing capacitor, Cr, use NPO ceramic, Tellone, or polystyrene. 

Note 4: Human body model, 100 pF discharged through a 1.5 RN resistor. 


Functional Blocic Diagram 
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FIGURE 1a 
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Typical Applications (Continued) 


DETAILS OF OPERATION, FREQUENCY-TO- 
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 


In these applications, a pulse input at fiy is difterentiated by 
a C-A netvorh and the negative-going edge at pin 6 causes 
the input comparator to trigger the timer circuit. Just as viith 
a V-to-F converter, the average current lloving out ot pin 1 
is lavERAGE — i X (1.1 RICy X f. 

In the simple circuit ot FIGURE 5, this current is filtered in 
the netvort AL — 100 RN and 1 uF. The ripple vil be less 
than 10 mV peah, but the response vill be slov, vith a 


FULL SCALE 


va 

OPTIONAL 

OFFSET ADJUST 
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FIGURE 4. Precislon Voltage-to-Frequency Converter, 
100 xHz Full-Scale, 4 0.039ç Non-Linearity 
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"Una atmbla componants vth love lomporaturo coallicionts 


FIGURE 5. SImpte Frequency-to-Voltage Converter, 
10 xHz Full-Scale, £ 0.064 Non-Linearity 
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0.1 second time constant, and settling ol 0.7 second to 
0.196 accuracy. 

In the precision circuit, an operational amplifier provides a 
buffered Output and also acts as a 2-pole filter. The ripple 
vvill be less than 5 mV peaR for all frequencies above 1 Hz, 
and the response time vill ba much quicter than in Figure 5. 
Hovever, for input frequencies belovr 200 HZ, this circuit vvill 
have vvorse ripple than Figure 5. The engineering ol the filter 
time-constants to get adequate response and small enough 
ripple simply requires a study of the compromises to be 
made. Inherently, V-to-F converter response can be fast, 
but F-to-V response can not. 


"Use stable components víith tovi temperature coefficients. 
See Typical Applications section. 
e"This resistor can be 5 XA or 10 RN for Vs " 8V to 22V, 
but must be 10 RA for Vs " 4.5V to 8V. 
se "Usa lovv ollset voltage and tovr otlset current op amps for At: 
recommended types LF411A or LF356. 
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FIGURE 6. Precislon Frequeney-to-Voltage Converter, 


10 XHz Full-Scale veith 2-Pole Fllter, £ 0.0196 
Non-Linearity Maximum 
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Typical Applications (continved) 
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Light Intenslty to Frequency Converter 


"LL4F-4, LIQ or L14H.1, photo tranalator (Qerreral Eteotrio Co.) or almbtar 


Temperature to Frequency Converter 


Long-Term Digital Integrator Ueing VFC 
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Basic Analog-to-Digital Converter Using 
Voltage-to-Frequency Converter 
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Typical Applications (Continved) 


Analog-to-Digital Converter veith Microprocessor 


vg 


va tour 


MICROPROCESSOR 
CLOCR 


i TUH/5880-13 
Remote Voltage-to-Frequency Converter veith 2-VVire Transmitter and Recelver 
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TU/H/5880-14 
Voltage-to-Frequeney Converter vith Square-V/ave Output Using 2 Flip-Fiop 
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Voltage-to-Frequency Converter veith Isolators 
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Typical Applications (Continueg) 


Voltage-to-Frequency Converter vith Isolators 
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Voltage-to-Frequency Converter vith Isolators 
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Voltage-to-Frequency Converter vith isolators 
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Connection Diagrams 
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TL/H/5680 - 20 
Note: Metal case is connected lo pin 4 (GNOJ) 


Order Number LM 13 1AH, LM131H, LM231AH, 
LM231H, LM331AH or LM331H 
See NS Pacicage Number H08C 
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Dual-ln-Line Pachage 
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